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Caffeine (CAF) is the most widely consumed ergogenic substance in sport and has been 
reported to improve various attributes associated with successful soccer performance 
including, endurance capacity, gross motor skill performance and cognitions. These benefits 
are typically ascribed to pharmacological mechanisms (i.e. central nervous and peripheral 
tissue stimulation). However, the psychological and perceptual permutations that are 
associated with CAF expectancies are largely unaddressed in most experimental designs but 
could be as important as CAF pharmacology in understanding if/how CAF elicits an ergogenic 
response on sport performance. As the consumption of pharmacologically active CAF may 
not be necessary in observing a CAF associated ergogenic response, this body of work may 
prove beneficial to individuals suffering from pre-existing health concerns (e.g. hypertension, 
genetic polymorphisms, depression, insomnia etc.), CAF habituation, and those participating 
in late evening sports competitions whereby CAF consumption may impair sleep 
quality/duration.  
The main aim of this thesis is to evaluate and explore the psychobiological effects of 
expectancies associated with oral CAF consumption on various facets of simulated soccer 
performance and perceptual states. This was achieved via completion of the following 
objectives: (1) conducting a systematic review and meta-analyses pertaining to literature 
exploring the potential psychobiological effects of CAF on sport and exercise (A) and cognitive 
performance (B) (2) exploration of the potential psychobiological effects of CAF on high-
intensity intermittent endurance capacity, reaction time and soccer skill proficiency (3) 
exploration of the potential psychobiological effects of CAF on perceptual fatigue and mood 
states (4) exploration of the potential psychobiological effects of CAF on subjective 
perceptions using the double-dissociation design but in particular the mixed methods 
approach (Brooks et al., 2015). There remains a severe under representation of the mixed 
methods design in the literature pertaining to the phenomenon of CAF expectancies on sport, 
exercise, and cognitive performance. The mixed methods design and associated triangulation 
of quantitative and qualitative data is fundamental to validly compare CAF’s psychological 
versus pharmacological impetus. Prior to this thesis, only two other studies (Beedie et al., 
2006; Duncan et al., 2009) implemented the mixed methods design, with neither providing a 
rigorous account of methodological decisions, researcher reflexivity, and/or evidence of 
applying an epistemological framework. These factors were incorporated within the current 
thesis and improved the quality of data collection, analysis, and reflection.   
The results of our, novel, meta-analyses demonstrated that all studies exploring the 
psychobiological effects of CAF on sport and exercise performance displayed a beneficial 
effect (p=0.01) with an overall moderate effect size (Cohen’s d (ES): 0.40) observed. In 
contrast, no significant effect was observed for studies exploring the psychobiological effects 
of CAF on cognitive performance (p=0.142) with a small effect size (ES=0.1) observed. 
Though, due to significant methodological heterogeneity associated with studies exploring the 
psychobiological effects of CAF on cognitive performance, any associated implications here 
should be taken with caution.  
Experimental study 1 explored the influence of CAF expectancies on facets of simulated 
soccer performance (e.g. exercise capacity, reaction time and passing ability (LSPT)) and 
perceptual states via utilisation of a mixed-methods approach and double-dissociation design. 
Exercise capacity was greater (p<0.05) for CAF psychology (given placebo (PLA)/told CAF) 
(623 ± 117 s) versus pharmacology (given CAF/told PLA) (578 ± 99 s) with all participants 
running longer during psychology. This benefit appeared to be driven by CAF expectancies 
and reductions in perceptual effort. Interestingly, positive perceptions for told CAF conditions 
appeared to impair BATAK performance via potential CAF over reliance. In contrast, negative 
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perceptions possibly facilitated BATAK performance via augmented conscious effort. A similar 
trend to BATAK was observed for LSPT performance.  
Following the completion of experimental study 1 it became apparent that the techniques used 
to modulate expectancies across experimental conditions (i.e. told PLA/CAF groups) here or 
any other study with a primary aim of exploring the influence of CAF expectancies on sport, 
exercise and/or cognitive performance, require validation. This was the premise of 
experimental study 2. No meaningful findings were observed from baseline to post-
intervention across any outcome measure during experimental study 2. This lack of effect may 
be related to environmental factors, whereby individuals completed trials in classrooms and/or 
a home cinema, prior to lectures/seminars and/or social interactions, respectively. In contrast, 
participants in experimental study 1 were administered the appropriate expectancy modulating 
techniques after they had perceived to consume PLA or CAF within an environment that 
necessitated an immediate importance for CAF (e.g. prior to exercise performance). 
In summary, the novelty and original contribution of the current body of research entails: 
completion of a systematic review and meta-analyses pertaining to the influence of CAF 
expectancies on sport, exercise and cognitive performance; assessment of the influence CAF 
expectancies may have on simulated soccer performance; the implementation of a mixed 
methods approach and double dissociation design; an in depth rationale, description and set 
of instructions for the utilisation of the mixed methods approach in any future research, 
including the use of an epistemological framework; a summary of ecological factors that are 
fundamental in understanding the phenomenon of CAF expectancies across sport and 
exercise performance.  With respect of the main findings from the experimental data contained 
in this thesis: the benefits associated with CAF expectancies may better suit tasks that entail 
lesser cognitive/skill specific attributes but greater gross motor function (e.g. cycling, 
weightlifting, running etc.) and this is likely due to reduced perceptual effort. Moreover, future 
studies aiming to validate expectancy modulating techniques or generally assessing 
expectancies should provide a greater immediate importance for CAF and this may be 
achieved by replicating environmental and/or psychosocial conditions associated with sport 





Chapter 1. Introduction 
The placebo (PLA) effect may be defined as a desirable outcome resulting from a 
person’s expected and/or learned response to a treatment or situation’ (Beedie et al., 
2018; p.2) and has been widely implicated within medicine, and more recently within 
sport and exercise nutrition (Beedie et al., 2006; Higgins & Shabir, 2016; Maganaris 
et al., 2000; Shabir et al., 2018; Shabir et al., 2019). The PLA effect is highly affected 
by an individual’s expectancies (Kirsch, 1997) which are influenced by various 
contributory factors (e.g. personality traits, cultural and psychosocial differences, 
vicarious and lived experiences etc,) (Langridge 2007; Moerman & Jonas, 2002). Due 
to its significance as the most widely consumed ergogenic substance in the world, the 
focus of this thesis is expectancy of oral caffeine (CAF) consumption. As such, the 
remaining content will focus on how expectancy of oral CAF consumption may 
influence simulated soccer performance and perceptual states in comparison to CAF’s 
pharmacological effect, which in some populations, has been advocated to negatively 
affect physiological and psychological wellbeing (Anderson & Horne, 2006; Haskell et 
al., 2005; Kaplan et al., 1997).  Moreover, the psychological permutations associated 
with oral CAF consumption are typically unaccounted for across generic CAF 
intervention studies but may have substantial ramifications on the quality and 
preparation of exercise recovery, training, and sports competitions and indeed the 
perceptions of athletes/competitors (Shabir et al., 2018). 
To provide suitable context to the issues addressed and signify the novelty and 
substantial contribution the following body of research will have on the small pool of 
studies accounting for this phenomenon; the pharmacological basis of CAF use and 
its potential implications on soccer performance are examined. This is achieved via a 
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brief synopsis of generic CAF intervention studies related to soccer performance 
across the last decade. The existing lack of consideration for CAF’s psychological 
permutations which are likely significantly contributory to CAF’s broader ergogenic 
impetus are then discussed before the psychological basis of the PLA and nocebo 
effect and the contribution expectancies may have here, are examined. Finally, a 
literature review (as per the work by Shabir et al., 2018; see research outputs) related 
to studies with a primary aim of exploring the influence of CAF expectancies on sport, 
exercise and cognitive performance is provided, which includes a novel meta-analysis 
of studies exploring CAF expectancies on sport, exercise and cognitive performance. 
In summary, the main aim of this thesis is to evaluate and explore the psychobiological 
effects of expectancies associated with oral CAF consumption on various facets of 
simulated soccer performance and perceptual states. This will be achieved via 
implementation of a double-dissociation design (section 3.6) and mixed methods 
(section 3.7) approach, and via accomplishment of the following, initial objectives: 
- To conduct a systematic review and meta-analyses pertaining to literature 
exploring the potential psychobiological effects of CAF on sport, exercise, and 
cognitive performance.  
- To evaluate and explore the potential psychobiological effects of CAF on high-
intensity intermittent endurance capacity, reaction time and soccer skill 
proficiency using the double-dissociation design.  
- To evaluate and explore the potential psychobiological effects of CAF on 
perceptual fatigue and mood states.  
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- To evaluate and explore the potential psychobiological effects of CAF on 
subjective perceptions using template analysis (Brooks et al., 2015). 
The mixed methods design provided a substantial contribution to this programme of 
research and had substantial value in achieving the above aims and objectives.  Mixed 
methods provide a link between quantitative and qualitative research methods and 
allows for triangulation of distinctly different yet complimentary data. Indeed, mixed 
methods enables the formulation of greater breadth of knowledge when compared to 
quantitative or qualitative research methods, in isolation (Creswell & Piano Clark, 
2011; Creswell, 2014; Creswell, 2004). To expand on the corroborative benefits of 
mixed methods research, Greene et al. (1989) postulate mixed methods “seeks 
elaboration, enhancement, illustration, clarification of the results from one method with 
the results from another” (Greene et al., 1989, p. 259). Thus, the results from one 
method can inform the other and holistically provide a more expansive enquiry into the 
phenomenon explored (Bryman, 2006).  
There remains a severe under representation of the mixed methods design in the 
literature pertaining to the phenomenon of CAF expectancies on sport, exercise, and 
cognitive performance. The mixed methods design is fundamental to validly compare 
CAF’s psychological versus pharmacological impetus. Prior to this thesis, only two 
other studies (Beedie et al., 2006; Duncan et al., 2009) have implemented the mixed 
methods design, with neither providing a rigorous account of methodological 
decisions, researcher reflexivity, and/or evidence of applying an epistemological 
framework. These factors were incorporated within the current thesis and improved 




Chapter 2. Literature review 
The purpose of the following section is to provide suitable academic context to the 
significant gaps in knowledge related to the influence of CAF expectancies on sport 
and exercise performance and therefore highlight the novelty and importance of the 
subsequent body of research included within this thesis. This is achieved by reviewing, 
discussing, and critiquing current literature pertaining to the aims and objectives 
highlighted in chapter 1.   
2.1. Caffeine 
Ergogenic aids are widely administered within sport and exercise nutrition, to help 
athletes achieve the greatest possible chance of success (McArdle et al., 2005). The 
benefits associated with ergogenic aids are generally considered pharmacological 
and/or psychological in origin (Russell & Kingsley, 2014). Caffeine is the most 
frequently used ergogenic substance in sport (Beedie & Foad, 2009; Del Coso et al., 
2012; Elliman et al., 2010; Harrell & Juliano, 2009; McDaniel et al., 2010; Saunders et 
al., 2017). Typically, the ergogenic benefits associated with CAF on sport, exercise 
and cognitive performance have been observed with doses ranging from 3 - 9 
miligrams (mg) per kilogram (kg) bodymass (BM) with peak plasma uptake generally 
observed 60 minutes (min) post-ingestion (Goldstein et al., 2010; Pickering & Kiely, 
2018; Pickering & Kiely, 2019). Caffeine may improve various cognitive and/or somatic 
constructs, including: alertness, concentration (Elliman et al., 2010; Harrell & Juliano, 
2009), gross motor skill performance (Foskett et al., 2009), endurance capacity (Burke 
et al., 2008; Del Coso et al., 2012; Southward et al., 2018; Tarnopolsky, 1994), skeletal 
muscle force production (Brooks et al., 2016; Grgic et al., 2019), energy, vigour and 
perceptual fatigue (Burke, 2008; Del Coso et al., 2012; Shabir et al., 2019). These 
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benefits are commonly ascribed to antagonism of neuronal adenosine receptors 
(Astorino & Robertson, 2010; Richardson & Clarke, 2016). Caffeine molecules inhibit 
the purinergic G protein-coupled adenosine receptors in the brain, which in turn 
increase central nervous and peripheral tissue stimulation. This may increase power 
output during a range of soccer specific tasks, including jumping, sprinting, and jostling 
whilst reducing perceptual exertion (McDaniel et al., 2010). Additionally, CAF may 
augment secretion of β-endorphins which have been implicated to reduce pain 
perception and elate feelings of happiness, calmness, and alertness (Doherty & Smith, 
2005; Warburton, 1994). Caffeine may also promote thermogenesis which could 
enhance perceived arousal, motivation, and aggression (Cherek et al., 1983). 
The pharmacological effects of CAF are governed by rates of absorption and/or 
metabolism. Following oral administration, CAF is absorbed efficiently through the 
gastrointestinal tract at approximately 100% bioavailability, with peak plasma 
concentrations typically detected 1-hour post-ingestion (Harland, 2000; Sinclair & 
Ginger, 2000). However, elevated levels may be identified between 15-120 minutes 
post-ingestion. Caffeine can also cross the blood brain barrier without difficulty due to 
its lipid solubility (Fredholm et al., 1999; McCall et al., 1982). Caffeine is primarily 
metabolised via N-3 demethylation by liver cytochrome (CYP) 1A2 to paraxanthine 
(84%), theobromine (12), and theophylline (4%) (Goldstein et al., 2010; Nehlig, 2016). 
The plasma half-life of CAF commonly ranges between 1.5 – 9.5 hours in healthy 
individuals (Somani & Gupta, 1988). However, the rate of CAF absorption and/or 
metabolism is also dependent upon various interpersonal factors including genetics, 
gender, age and smoking habits (Astorino et al., 2008; Balogh et al., 1987; Goldstein 
et al., 2010; Kamimori et al., 1999; Parsons & Niems, 1978). Moreover, the disparity 
in time taken to achieve peak plasma CAF concentrations may be due to inter-
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individual variances in gastric emptying and the presence of other dietary constituents, 
such as fibre (Arnaud, 1987). 
2.2. Caffeine, sport, and exercise 
Caffeine has been extensively studied within the sports science literature, with 
research dating back to 1907 (Rivers & Webber, 1907). The plenitude of research 
since has assessed CAF’s effects on endurance capacity (Goldstein et al., 2010; 
Graham, 2001; Grgic et al., 2019; Hogervorst et al., 2008; Ivy et al., 1979; McLellan & 
Bell, 2004; Southward et al., 2018; Tarnopolsky, 1994) and, strength and power output 
(Brooks et al., 2016; Grgic et al., 2018; Grgic et al., 2019; Woolf et al., 2008). Although 
improvements in these attributes may infer potentially enhanced soccer performance, 
studies directly assessing CAF’s influence on soccer performance remain scarce and 
those that have done so almost exclusively attribute any benefits to pharmacological 
mechanisms (Shabir et al., 2018). As such, CAF’s potential psychological impact (e.g., 
changes in motivation, determination, belief, mood states, etc.), which are likely driven 
by expectancies for CAF ergogenicity, is often disregarded but may influence sport, 
exercise and/or cognitive performance comparably or to a greater extent than CAF 
pharmacology (Shabir et al., 2019). 
2.3. Caffeine and soccer performance 
Mielgo-Ayuso et al. (2019) conducted a systematic review evaluating the effectiveness 
of CAF supplementation on soccer performance. The review criteria included only 
studies with a cross-over and randomised experimental design in which CAF was 
compared with a comparable PLA solution. Subsequently, 12 studies assessing CAF 
on soccer specific abilities were reviewed. With the exception of Andrade-Souza et al. 
(2016), all investigations observed CAF mediated improvements in at least one 
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performance parameter, with counter movement jump (CMJ) (n = 5 studies) and 
running distance (n = 2) statistically greater for CAF versus PLA. Although the authors 
conclude, CAF ingested 5 – 60 min before soccer performance may improve various 
soccer specific abilities, CAF’s psychological impact was not explored across any 
study. Therefore, the purpose of the following section is to evidence the 
aforementioned methodological limitations using a sub-sample of studies assessed in 
Mielgo-Ayuso et al. (2019).  
In a double-blind, within-subjects study by Foskett et al. (2009), 12 university soccer 
players consumed CAF (6 mg/kg/BM) or PLA capsules, 60 min prior to performing the 
Loughborough Intermittent Shuttle Test (LIST) (Nicholas et al., 2000) interspersed with 
assessing the Loughborough Soccer Passing Test (LSPT; McGregor et al., 1999) 
every 15 mins. Caffeine had minimal effect on sprint performance but did improve 
counter movement jump (CMJ) height (1.5 cm), whilst also reducing (2.3 s) the time 
taken to complete the LSPT versus PLA. Although CAF’s psychological impact was 
not explored, post-hoc analysis revealed 4 individuals correctly and 3 incorrectly 
identified CAF trials whilst 5 declined to comment. Thus, although incongruent, CAF 
expectancies potentially influenced these findings. For example, if participants 
perceived CAF as PLA (i.e. downregulated expectancies), and/or PLA as CAF, the 
overall effects of CAF may have been unreliably represented. This issue was possibly 
apparent across all studies described within this section as all utilised a within-subject, 
double-blind design without manipulating beliefs in accord with each experimental 
manipulation (Shabir et al., 2018). 
Gant et al. (2010) utilised a comparable methodological protocol as Foskett et al. 
(2009), after 15 male soccer players consumed a 6% CHO electrolyte solution with (~ 
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3.7 mg/kg/BM) or without a control (CON), CAF. Caffeine improved CMJ performance 
(1.2 centimetres (cm)) whilst reducing sprint times following the final 3 bouts of the 
LIST (~ 0.1 s) versus CON. Moreover, a 1.5 s improvement in LSPT performance was 
also observed for CAF versus CON. Indeed, although CAF appeared mediating to 
exercise performance, the psychological permutations associated with CAF 
expectancies were unexplored.  
Del Coso et al. (2012) found, consumption of a CAF containing energy drink (3 
mg/kg/BM) 60 minutes prior to a full sided soccer match, improved average jump 
height (1.1 cm), peak running speed (0.7 kilometres per hour), total distance ran (430 
metres (m)) and the number of sprints performed (5.2) versus PLA. However, drinks 
were not taste matched and individuals may have identified CAF trials, thus, the 
influence of expectancies here was likely (Del Coso et al., 2012; Saunders et al., 
2017).  
Eighteen recreationally active individuals consumed an energy drink with (3 
mg/kg/BM) or without (PLA) CAF, 60 min prior to completing various soccer specific 
ability tests (e.g. CMJ and repeated sprints) and 2 x 40-minute halves of soccer play 
(Lara et al, 2014). In comparison to PLA, CAF improved, jump height (2.9 ± 7.3 %) 
power output (1.7 ± 5.4 %), and running velocity (2.4 ± 2.0 %) during CMJ and 
repeated sprint performance, respectively. Moreover, CAF also enhanced the total 
distance ran (6.9 ± 3.1 %), distance ran at sprint velocity (34.0 ± 10.3 %) and the 
number of sprints performed (31 ± 7.6 %) during soccer performance, versus PLA. 
The benefits observed here were likely perceptually stimulated as ratings of perceived 
exertion (RPE) (Borg, 1982) and perceptions for power and endurance were improved 
by ~ 1 score, for CAF versus PLA. However, it is unclear whether such effects were 
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mediated by physiological (e.g. adenosine receptor antagonism) and/or psychological 
mechanisms (e.g. expectancies for CAF consumption) as these were not explored. 
Indeed, CAF expectancies have been observed to ameliorate perceptual fatigue and 
enhance wellbeing (Brietzke et al., 2017; Duncan, 2010).  
Andrade-Souza et al. (2015) assessed LSPT, CMJ and repeated sprint ability 4 h after 
11 amateur, university soccer players completed the LIST. Participants consumed 
capsules containing either CAF (6 mg/kg/BM), CAF + carbohydrates (CHO) (4.8 
grams (g)/kg/BM maltodextrin) or PLA (cellulose) 1 hour prior to exercise performance. 
In contrast to the aforementioned studies, no significant differences were observed 
across treatments, for any performance measure. However, as previously outlined the 
double-blind design often involves individuals guessing which treatment they have 
received and thus, potential overlaps between CAF pharmacology and expectancies 
which makes it difficult to delineate the true effects of these properties (Shabir et al., 
2018).  
Ranchordas et al. (2018) analysed the influence of CAF chewing gum (2.7 mg/kg/BM) 
on repeated sprint ability, CMJ performance and the YoYo intermittent recovery test 
(Yo-Yo IR1) on 10 university soccer players. Although no differences were observed 
during repeated sprint performance, CAF enhanced aerobic capacity (Yo-Yo IR1) by 
2 % and CMJ performance by 2.2 % compared to PLA. The authors indicate a greater 
effect may have been observed if the CAF dose used was closer to the typically 
ascribed ergogenic range (3 – 9 mg/kg/BM) (Pickering & Kiely, 2018). This issue may 
have been compounded as on average 15% of CAF is not effectively absorbed 
following 5 min of chewing. Thus, the dose of CAF used here may have been closer 
to 2.3 mg/kg/BM (Mielgo-Ayuso et al., 2019). Interestingly, although the authors 
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indicated successful blinding only 3/10 participants correctly identified the condition 
they were given, and it is unclear whether the other 7 participants were unsure or 
guessed the condition incorrectly. Once more, this would represent discrepancies 
between CAF pharmacology and psychology. However, the influence of CAF 
expectancies was not explicitly affirmed and therefore remained unknown. Indeed, it 
is imperative that future studies implement subjective measures (e.g. interviews, 
questionnaires, monologues etc.) to explore inter-individual expectancies across trials 
to account for CAF’s potential psychological impact. This would clarify the 
psychobiological mechanisms by which CAF exerts any effect(s) (Shabir et al., 2018).  
2.4. Caffeine and potential health issues  
Although CAF pharmacology could induce or exacerbate somatic and/or psychological 
health concerns in some populations (e.g. individuals suffering from, heart disease, 
cardiac arrhythmia, anxiety, depression etc.) CAF may facilitate both acute and 
chronic health (i.e. both somatic and/or psychological) for others (Anderson & Horne, 
2006; Haskell et al., 2005; Kaplan et al., 1997). The risks posed by CAF may differ 
due to inter-individual discrepancies in pre-existing health concerns and genetic 
variances which are often overlooked or not accounted for.  As such, the purpose of 
the following section is to highlight these concerns and further support the need for 
future research to account for CAF’s psychological impetus. Indeed, expectancy of 
CAF consumption represents significantly reduced risks to health states, as the 
consumption of pharmacologically active CAF is not necessary (Shabir et al., 2018). 
Thus, CAF expectancies could represent an alternative to CAF pharmacology, which 
would prove particularly useful to individuals pre-disposed to health concerns that are 
likely exacerbated by CAF use.  
11 
 
Polymorphisms in the gene CYP1A2 may explain individual variances in CAF 
metabolism (Sachse et al., 2003; Tracy et al., 2005). A single base change of A to C, 
at position 734 within intron 1 may decrease enzyme inducibility (Djordjevic et al., 
2010). The homozygote genotype AA is considered fast CAF metaboliser whilst AC 
and CC genotypes are considered slow metabolisers (Nehlig, 2016). Slower rates of 
CAF metabolism may increase the plasma half-life of CAF, potentially augmenting the 
risk of myocardial infarctions, dysregulated sleep patterns, increased blood pressure 
and other debilitative health states especially in individuals who are already at risk 
(Cornelis et al., 2006; Cornelis et al., 2007).  Although females are at greater risk than 
males (due to the ability of both oestrogen and progesterone to inhibit CYP1A2 
activity), pregnant females are particularly susceptible as CAF half-life may extend up 
to 16 hours for these individuals (Carrillo & Bentiez, 1996; Ou-Yang et al., 2000; Tracy 
et al., 2005). Moreover, CAF readily crosses the placenta into the foetus, which at 
such an early stage of development is unable to metabolise CAF itself. This may 
present issues for foetus health and development.  
Caffeine consumption may also potentiate catecholamine release, and individuals 
homozygous for the slow allele CYP1A2*1F may display reduced catechol-O-methyl 
transferase (COMT) activity (Cornelis et al., 2006). Catechol-O-methyl transferase is 
responsible for increasing metabolism of catecholamines which have been observed 
to damage myocardial cells especially during periods of physiological and 
psychological stress (e.g. sport and exercise performance) whereby catecholamine 
total volume is at its highest (Abraham et al., 2009). Genetic polymorphisms may often 
go unnoticed until potentially debilitative effects have already manifested, unless 
individuals are genetically screened and made aware of such conditions (Iwasaki et 
al., 2005; Soyama et al., 2005). 
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Caffeine consumption may also affect individuals who are not predisposed to 
dysregulations in CYP1A2 or other heritable conditions, by leading to dependence, 
tolerance, craving and withdrawal symptoms (e.g. migraines, lethargy, rage etc.) 
(Cornelis, et al., 2007; McDaniel et al., 2010). Tolerance to the acute effects of CAF 
may develop rapidly (<6 months), subsequently individuals may need to increase the 
dose of CAF consumed to observe the same desired effect as previously experienced 
(Evans and Griffiths, 1992).  
Mental health disorders should be considered multifactorial in nature and potentially 
influenced by numerous life components including, genetic variances (Audrain-
McGovern et al., 2004), childhood trauma (Horwitz et al., 2001), drug abuse (Loranger 
et al., 1994), life tragedies (Voelker, 2007) amongst others. However, CAF may 
augment the severity of pre-existing disorders, with some individuals liable to CAF’s 
anxiogenic effects and others susceptible to its ability to induce sleep disturbances 
and insomnia which are likely driven by changes in melatonin production and 
molecular oscillations (Gilbert, 1984; Bchir et al., 2006; Burke et al., 2015; Pickering & 
Kiely, 2018; Silverman et al., 1992). These effects may have substantial ramifications 
on the quality and preparation of exercise recovery, training, and sports competitions.  
2.5. Expectancies  
The PLA effect may be defined as ‘a desirable outcome resulting from a person’s 
expected and/or learned response to a treatment or situation’ (Beedie et al., 2018; 
p.2). Expectancy is closely associated, and in some instances assumed to have a 
direct relationship with the PLA effect (Higgins & Shabir, 2016; Kirsch, 1985; McClung 
& Collins, 2007). Expectations may also influence the magnitude of effect observed 
after administration of pharmacologically active CAF. Indeed, research exploring the 
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individual properties of CAF (e.g. CAF pharmacology and psychology) suggests, when 
compared in isolation, the synergistic effects of these properties generally lead to the 
greatest improvements in sport, exercise and cognitive performance (Shabir et al., 
2018).  
According to expectancy theory, CAF expectancies are elicited by various factors 
including: the perception of symptoms and/or side effects (Dawkins et al., 2011; 
Elliman et al., 2010; Saunders et al., 2017; Fillmore & Vogel-Sprott, 1992), habitual 
CAF consumption (Oei & Hartley, 2005; Tallis et al., 2016), personality traits (Tallis et 
al., 2016), cultural and psychosocial beliefs (Langdridge, 2007, Moerman & Jonas, 
2002), vicarious and lived experiences (Bandura, 1997), environmental cues (Beedie 
et al., 2018; Benedetti, 2013; Moerman & Jonas, 2002) and external techniques used 
to manipulate beliefs (e.g. section 5.3,14). It is suggested, by manipulating the degree 
of expectancy CAF ergogenicity may subsequently increase (Shabir et al., 2018). 
However, dependant on whether expectancies are positive or negative, a facilitative 
or debilitative (i.e. nocebo response) response will generally occur (Enck et al., 2008: 
Ross & Olson, 1981). To effectively explore expectancies, the double-dissociation 
design and a mixed methods approach should be implemented in conjunction. 
2.6. The double-dissociation design 
Shabir et al. (2018) suggest to validly explore CAF’s psychological and 
pharmacological impetus, a double-dissociation design and mixed methods approach 
should be utilised. No studies with a primary aim of assessing CAF and/or 
expectancies have previously employed these methodological paradigms, 
concurrently. The double-dissociation design is considered the most suitable design 
when exploring CAF’s psychological versus pharmacological influence (Beedie et al., 
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2006; Shabir et al., 2018; Tallis et al., 2016). When compared to experimental designs 
non-inclusive of deceptive administration (e.g., traditional single-blind and double-
blind protocols whereby no feedback is provided with respect of what treatment 
participants have consumed), participant beliefs are intentionally manipulated in 
accordance with the experimental purpose, which reduces the discrepancy of 
individuals guessing which supplement they have ingested (Shabir et al., 2018). If 
uncontrolled, this might cause overlaps between CAF pharmacology and psychology, 
making it difficult to delineate the individual effects of these properties. This will 
decrease the reliability when attempting to denote the true magnitude of effect for CAF 
pharmacology. Alternatively, the double dissociation design permits exploration of 
CAF: psychology (given PLA/told CAF), pharmacology (given CAF/told PLA), 
synergism (given CAF/told CAF) versus a placebo (given PLA/told PLA). Moreover, 
expectancies should be neutralised (i.e. any psychological effect here should be 
limited) during told PLA conditions, as pessimistic beliefs may initiate the occurrence 
of a nocebo response (i.e. downregulated expectancies and a debilitative 
psychological effect, e.g. decreased motivation, confidence etc.). The nocebo effect 
has been observed to overestimate the placebo effect by causing greater disparity 
between expectancies and beliefs (Chavarria et al., 2017).   
2.7. Mixed methods approach 
A mixed methods approach entails quantitative assessment of the performance 
parameters employed and qualitative exploration of subjective expectancies 
associated with CAF (Clark & Creswell, 2004; Creswell, 2004). Subjective 
expectancies may be explored via various measures including questionnaires 
(McClung & Collins, 2007), visual analogue scales (VAS) (Borg, 1982), and verbal 
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feedback (e.g. interviews, monologues; Beedie et al., 2006). However, verbal 
feedback may provide the most informative responses due to the potential for 
participants to discuss their experiences without limiting answers to rigid criteria (as 
required during questionnaire/VAS responses). Expectancies may be influenced by a 
host of factors as previously described, and therefore should be assessed multiple 
times across studies, as the experience during one trial may affect subsequent 
sessions (Saunders et al., 2017). Only two studies (Beedie et al., 2006; Duncan et al., 
2009) have performed post-hoc analysis to subjectively explore CAF’s 
psychobiological mechanisms of action across sport and exercise performance. A 
systematic review of these studies and all other studies with a primary aim of exploring 
CAF expectancies (i.e. participants are administered an experimental/inert 
intervention whilst being informed correctly/incorrectly with respect of its purpose) on 
sport, exercise and/or cognitive can be observed in sections 3.8 to 3.8.4.  
2.8. Shabir et al. (2018) - The influence of caffeine expectancies on sport, 
exercise, and cognitive performance 
The current section is an extension of the systematic review performed by Shabir et 
al. (2018) and includes all studies with a primary aim of exploring CAF expectancies 
on sport, exercise, and cognitive performance. At present, the psychological 
permutations that are associated with CAF are largely unaddressed in most 
experimental designs but could be as important as CAF pharmacology in 
understanding if/how CAF elicits an ergogenic response on sport, exercise, and/or 
cognitive performance. Furthermore, CAF expectancies may represent an alternative 
to CAF pharmacology, which could prove particularly useful to individuals predisposed 
to CAF’s debilitative health concerns. For individuals who are not predisposed to 
CAF’s debilitative health concerns, synergism of CAF psychology, and pharmacology 
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may present the greatest ergogenic benefit. However, in contrast to biological 
sensitivity that is associated with adenosine and/or ryanodine receptors, expectancies 
and beliefs may be trained and/or manipulated, which may further enhance any 
ergogenic benefit. 
Therefore, the primary purpose and novelty of the current systematic review is to 
analyse and explore existing literature regarding the effects of CAF expectancies on 
sport, exercise, and cognitive tasks (Beedie et al., 2006; Duncan et al., 2009). This 
includes, for example, The Bakan vigilance task, congruent, incongruent stimulus 
tasks, card organisation tasks, and rapid visual information processing tasks that are 
considered to be important determinants of skills including concentration levels, 
attentional focus, information recall, memory, simple motor speed performance, and 
others (Scarpina & Tangini, 2017; Vakil et al., 1995) associated with successful sport, 
exercise, and cognitive performance. These cognitions may also improve an 
individual’s ability to learn psychological (imagery, self-talk, muscular relaxation 
methods etc.) and performance specific skills (passing, dribbling during soccer, etc.) 
(Verburgh et al., 2016; Wulf et al., 2002).  
Due to a lack of studies assessing the aforementioned phenomena, the inclusion 
criteria for the current review entailed studies with a primary aim of exploring CAF 
expectancies across sport, exercise, and/or cognitive performance (i.e., participants 
are administered an experimental/inert intervention, whilst being informed 
correctly/incorrectly with respect of its purpose). In line with the participant profile 
chosen across this thesis, a secondary inclusion criterion required participants to be 
healthy, non-smoking, recreationally active individuals, between 18 – 40 years old. 
Various databases were searched (i.e., Google Scholar, SportDiscus, ResearchGate) 
with search criteria including terminology such as “caffeine expectancy”, “caffeine 
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placebos” and “caffeine deception”. Where applicable secondary search criteria were 
included and consisted of terminology, such as “sport”, “exercise”, “cognitions”, and 
“mental processing”. If databases did not provide this option, then primary and 
secondary search terminology were amalgamated. Finally, the reference sections of 
select papers were also used to inform this process. In total, 19 studies fulfilled this 
criterion and were subsequently included. From these, two studies (Brietzke et al., 
2017; Pires et al., 2018) were not included within the original review as these had not 
been published at the time but have been included in section 2.8.1. This review is 
therefore split into two sections; Section 2.8.1 explores CAF expectancies and sport 
and exercise performance (Table 2.1), whilst Section 2.8.2 explores CAF expectancies 
and cognitive performance (Table 2.2). These tables represent the core 
methodological practices implemented in each study and also summarise the key 
results. Subsequently, the remainder of section 2.8 entails critical evaluation of each 
respective study where applicable.  
2.8.1. Caffeine expectancies and sport and exercise performance 
Beedie et al. (2006) 
The improvements in cycling capacity following CAF expectancies in Beedie et al. 
(2006) were comparable to the administration of CAF reported elsewhere. However, 
the study design that was employed did not entail CAF consumption therefore no direct 
comparisons were made. No significant differences were observed for any 
physiological variables which indicates the mechanisms underlying these results were 
not mediated by substantial changes in effort. To further explore the potential 
mechanisms, two semi-structured interviews (nota bene (N.B.)) before and after the 
experimental deception was revealed) were performed exploring participant 
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expectancies, and they were subsequently analysed using inductive content analysis 
(Jackson, 1995).  
Four out of seven participants indicated that they believed CAF would positively 
influence their performance. Five participants reported changes in subjective 
perceptions associated with CAF, with dose-dependent increases in aggression, 
vigour, and energy following the consumption of CAF-LOW and CAF-HIGH, 
respectively. Some participants even misinterpreted better starts to exercise 
performance because of CAF ingestion, which augmented feelings of motivation and 
effort (Saunders et al., 2017), with one participant suggesting ‘oh great, well I’ll press 
a little bit harder and I’ll go a little bit faster’ (page (p). 2161). Six participants provided 
perceived mechanisms that are associated with CAF. These included reductions in 
pain perception, belief-behaviour relationships (enhanced expectations resulting in 
changes in behaviour), increased attentional and physiological arousal. Yet, no clear 
relationship between expectancies and performance effects emerged. This may be 
due to only 67% of participants believing that they had ingested CAF. Had a design 
been adopted that more effectively manipulated expectancies, then this figure would 
be closer to 100%. This may have been achieved through a double-dissociation 
design.  
Foad et al. (2008) 
Foad et al. (2008) suggest that the low magnitude of effect for given PLA/told CAF 
may be attributable to a lack of counterbalancing. Due to a clearly distinct taste in CAF 
containing saline solutions given CAF conditions always preceded given PLA. 
Therefore, the differences in taste and potential reductions in perceived side effects 
may have raised participant suspicions and lowered expectancies during given PLA 
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conditions. This issue may have been augmented as participants were considered 
moderate CAF consumers and may have consciously expected CAF associated 
symptoms (Saunders et al., 2017). Alternatively, the reduction in mean power output 
(MPO) following synergism of CAF belief and pharmacology could be attributed to 
reductions in conscious efforts that are associated with an overreliance on CAF’s 
ergogenic effectiveness; this notion is later supported by Tallis et al. (2016). 
Unfortunately, post-hoc analysis was not performed therefore these explanations 
remain speculative. Implementation of post-hoc analysis is fundamental to gain a 
greater understanding of the mechanism(s) associated with expectancy. This can be 
achieved via the use of questionnaires (McClung & Collins, 2007), visual analogue 
scales (Duncan et al., 2009), and verbal feedback mechanisms (e.g., interviews, 
private Dictaphone logs, etc.; Beedie et al., 2006). Within the current review, only two 
studies (Beedie et al., 2006; Duncan et al., 2009) performed post-hoc analysis to 
subjectively explore these mechanisms.  
Pollo et al. (2008) 
A greater placebo effect was observed following implementation of acute conditioning 
procedures, and this was likely mediated by greater reductions in perceptual fatigue. 
The authors suggest these results underline the role of learning during the placebo 
response, and the importance of habituated expectancies that may be influenced by 
previous CAF experiences. Unfortunately, only 4/17 studies explored habituated 
expectancies in the current review (Fillmore & Vogel-Sprott, 1992; Oei & Hartley, 2005; 
Tallis et al., 2016; Walach et al., 2002). Alternatively, these results may have been 
influenced by methodological limitations that are associated with a between-subjects 
design. This design entails various inter-participant differences (e.g., genetics, age, 
gender, personality traits, etc.) that have been observed to influence CAF metabolism 
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(Carillo & Benitez, 1996; Ou-Yang et al., 2000). For example, while no significant 
differences were observed in anthropometric variables, weight lifted or 1 repetition 
max (RPM), personality differences were not accounted for and may have influenced 
placebo responsiveness (Tallis et al., 2016). Moreover, coffee contains over 1000 
compounds, of which many have undergone negligible investigation regarding their 
influence on sport, exercise, and cognitive performance (Tunnicliffe et al., 2008). 
Therefore, there remains a potential for other ingredients to have impacted these 
results.  
Duncan et al. (2009) 
In line with previous findings (Beedie et al., 2006; Foad et al., 2008; Saunders et al., 
2017), ratings of perceived exertion (RPE) (Borg, 1982) was significantly greater 
during PLA versus CAF and control (CON) (Duncan et al., 2009), which may indicate 
a nocebo effect. The nocebo effect has been observed to overestimate the placebo 
effect by causing greater disparity between expectancies and beliefs (Chavarria et al., 
2017). Future studies should aim to neutralise expectancies during PLA which may 
reduce the prevalence of nocebo responses and improve the reliability of 
comparisons. Moreover, the techniques used to manipulate expectancies are yet to 
be validated. Alternatively, these results may have been influenced by daily variation. 
A study by Smith et al. (2017), devoid of any experimental manipulation observed 
similar deviations in repetitions performed (+4) during knee extension at an even 
greater exercise intensity (70% 1 RPM). Additional repetitions at higher exercise 
intensities may indicate greater daily variation at lower exercise intensities, due to 
enhanced fatigue resistance (Tallis et al., 2016). These results may have also been 
influenced by learning effects (as no familiarisation sessions were performed) and/or 
the provision of a minimum recovery period of 24 h. Bishop et al. (2008) suggests 
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resistance trained male individuals should be provided a minimum of 48 h recovery 
between sessions, with 72 and 96 h considered optimum. In contrast, participants in 
Duncan et al. (2009) were provided between 24 and 72 h of recovery. However, an 
expectancy effect cannot be ruled out, as post-hoc analysis revealed 88% of 
participants expected CAF to have an ergogenic effect on exercise performance. 
Additionally, during CAF, all of the participants reported either CAF-related symptoms 
or performance effects, with some participants reporting both. This suggests, 
perceived CAF consumption resulted in relative psychosomatic symptoms, which 
could have augmented expectancies and subsequently improved exercise 
performance (Saunders et al., 2017).  
Duncan (2010) 
Duncan (2010) explain that their results may be explained by reduced priori 
expectancies associated with given PLA/told PLA. However, only 3/12 participants 
correctly identified given PLA/told PLA, whereas seven correctly identified given 
CAF/told CAF. These differences are likely related to the perception of CAF 
symptoms. Saunders et al. (2017) suggests habitual CAF users will likely display 
greater habituated expectancies versus CAF naive individuals, and the perception of 
side effects may catalyse beliefs to a greater extent in these individuals. This further 
supports a relationship between CAF pharmacology and psychology and explains why 
GC/TC conditions generally result in the greatest ergogenic benefit (Elliman et al., 
2010). Alternatively, the aforementioned discrepancies also indicate an issue with the 
efficacy of expectancy manipulations, which are necessary to uphold the integrity of 
the double-dissociation design. Once more, this issue may be associated with a lack 
of validation for the techniques that are used to modulate expectancies. Moreover, 
these results may be due to learning effects associated with a lack of familiarisation 
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sessions, or the use of a single blind study design, which has been observed to 
overestimate the placebo effect versus double blind administration due to 
experimenter bias (Pollo et al., 2008; Vase et al., 2002). 
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Table 2.1. Characteristics and findings of studies assessing caffeine expectancies on sport and exercise performance (N.B. data 




Experimental design & 
main outcome measure(s) 
Intervention/informed Main findings 
Beedie et 
al. (2006) 
7 well trained male 









Main outcome measure 
10 km cycle ergometer time 
trial 
Received 
PLA during all trials. 




4.5 mg/kg/BM caffeine (CAF-LOW) 




Literature detailing caffeine ergogenicity 
amongst elite cyclists. 
Perceived placebo reduced mean 
power output by −2.3 W versus 
baseline. Perception of 4.5 
mg/kg/BM and 9 mg/kg/BM caffeine 
increased mean power output by 4 
and 9.3 W versus baseline, 
respectively. 
Foad et al. 
(2008) 
14 males (43 ± 7 
years), moderate 
caffeine consuming 







Main outcome measure 
40km cycle ergometer time 
trial 
Received 
Saline solutions (told for hydration 




Given CAF told CAF (GC/TC) 
Given CAF/told PLA (GC/TP) 
Given PLA/told CAF (GP/TC) 
Given PLA/told PLA (GP/TP) 
 
Expectancy manipulation 
Placebo capsule perceived to contain 5 
mg/kg/BM CAF and a 90-minute 
Consumption (3.5 ± 2.0%) and belief 
of CAF (0.7–1.4%), respectively 
resulted in very likely and possibly 
beneficial increases in MPO. 
Following CAF consumption, 
individuals were 100%, 99% and 
98% likely to display improvements 
in MPO equivalent to 0.5%, 1.0% 
and 1.5%, respectively. The 
chances of improved MPO following 
belief of CAF only, was 62%, 33% 
and 12%, respectively. 
Synergism of caffeine belief and 
pharmacology (2.6 ± 3.3%) 




presentation displaying CAF benefits on 
cycling performance 
A possibly harmful nocebo effect 
(−1.9% ± 2.2%) was observed for 
given PLA/told PLA. 
Pollo et al. 
(2008) 
44 male undergraduate 








Main outcome measure 
Knee extension exercise at 




No treatment CON 
 
Informed  
20 mililitres (ml) caffeinated coffee (CAF) 
CON 
 
Expectancy manipulation  
Literature displaying CAF benefits on 
resistance exercise. 
During study 2, two acute conditioning 
sessions were included, whereby exercise 
intensity was reduced to 45% 1 RPM but 
perceived as 60% 1 RPM 
CAF increased PPO (11.8 ± 16.1%) 
and repetitions performed (2.53) 
versus baseline, however no effect 
was observed for a control. 
A greater placebo effect was 
observed during study 2 with more 
repetitions (4.82) performed and a 
greater improvement in PPO (22.1 ± 
23.5%) for CAF versus baseline. 
CAF also reduced perceptual 
exertion (RPE) (~1) and this was for 




12 resistance trained 
male participants (23 ± 








Main outcome measure 
Single leg knee extension at 
60% 1RPM 
Received 
250 ml artificially sweetened water 
No treatment CON 
 
Informed 





Literature displaying the benefits of CAF on 
resistance-based exercise performance 
CAF increased the number of 
repetitions performed (20 ± 5) and 
weight lifted (weight x repetitions) 
(713 ± 121 kg) versus CON (16 ± 4; 
577 ± 101 kg) and PLA (18 ± 4; 656 
± 155 kg), respectively. 
RPE was ~1 unit lower for CAF 




12 male (24 ± 4 years) 
moderate caffeine 





250 ml artificially sweetened water 
combined with 5 mg/kg/BM or PLA 
Given CAF/told CAF significantly 
increased PPO, MPO and lowered 







Main outcome measure 
30 s Wingate test at a 




given CAF/told CAF 
given CAF/told PLA 
given PLA/told CAF 
given PLA/told PLA 
 
Expectancy manipulation 
Literature reviewing the benefits of caffeine 
on high intensity exercise performance 
conditions.  
No significant differences were 
observed for given PLA/told CAF 
versus given CAF/told PLA. 
However, both groups improved 
PPO (59.5 and 48.9 W) and RPE 
(−1 and −1), versus given PLA/told 
PLA, respectively. 
Tallis et al. 
(2016) 
14 male (21 ± 1 years) 
low caffeine consuming 








Main outcome measure 
Maximal voluntary concentric 
force and fatigue resistance 
of the knee flexors and 
extensors at velocities 
equivalent to 30° per second 
and 120° per second 
Received  
Orange squash solutions (4 ml/kg/BM water 
and 1 ml/kg/BM sugar free orange squash) 
with or without 5 mg/kg/BM caffeine 
 
Informed 
given CAF/told CAF 
given CAF/told PLA 
given PLA/told CAF 
given PLA/told PLA 
 
Expectancy manipulation 
Verbally informed told PLA orange squash 
solutions contained no caffeine. 
Peak force produced for given 
CAF/told PLA and given CAF/told 
CAF was comparable, but 
significantly greater versus given 
PLA/told PLA at both 30° per 
second (12.8% and 15.8%) and 
120° per second (6.8% and 11.2%, 
respectively). 
Only given CAF/told CAF produced 
significantly greater average force 
production versus given PLA/told 
PLA, at both 30° per second (18%) 





42 male (37 ± 5 years) 
moderate habitual 
caffeine consuming 





blind and within-subjects 
Main outcome measures 
Cycle ergometer time trial at 
85% peak power output 
Questionnaire exploring 
which supplement 
participants believed they 
Received  
Capsules containing CAF (6 mg/kg/BM) or 
PLA. 






Correct identification of CAF (n = 17) 
increased MPO by 4.5% (+10 W) 
versus CON. Three more 
participants correctly identified CAF 
post-exercise, this increased MPO 
by a further 1.3% (+3 W). MBI 
indicated 100% chance of beneficial 
effects after administration and 
correct identification of caffeine. 
Correct identification of PLA (n = 17) 
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had ingested pre and post 
exercise 
Expectancy manipulation  
N/A 
decreased MPO by -0.8% for PLA (-
2 W) versus CON. One more 
participant identified PLA post-
exercise; this decreased MPO by -a 
further 0.6% (−1 W) versus CON. 
The chance of harmful effects at 
pre-exercise and post-exercise was 
31% and 47%, respectively.  
Expectation for CAF following PLA 
ingestion (n = 8) increased MPO by 
2.5% (+5 W) versus CON. Three 
more participants incorrectly 
perceived PLA as CAF post-
exercise, this increased MPO by a 
further 0.9% (+3 W) versus CON. 
The chance of beneficial effects at 
pre-exercise and post-exercise, was 
66% and 87%, respectively. 
Brietzke et 
al. (2017) 
9 male (26.4 ± 4.8 
years) low habitual 
caffeine consuming (> 






Main outcome measures 
Cycling capacity test (TLIM) 
Received 
Capsules containing CAF (6 mg/kg/BM) or 
PLA (6 mg/kg/BM sucrose) 
No treatment CON 
 
Informed 
Given CAF/told CAF 




participants were provided with positive 
information about potential effects of CAF 
supplementation to enhance performance. 
Given CAF/told CAF and given 
PLA/told CAF resulted in 18.7% (~ 
74.8 s) and 17.1% (~ 68 s) 
improvements versus CON. similar 
RPE for given CAF/told CAF and 
given PLA/told CAF was observed 
however  magnitude-based 
inferences indicated 75% probability 
of a beneficial effect (i.e. reduction 
in RPE) versus CON following 
exercise cessation. 
Pires et al. 
(2018) 
9 male (26.4 ± 4.8 
years) low habitual 
caffeine consuming (> 
~ 44.5 mg) 
Within-subjects, double-blind, 
deceptive administration 
Main outcome measures 
Cycling capacity test (TLIM) 
Received 
Capsules containing CAF (6 mg/kg/BM) or 
PLA (6 mg/kg/BM sucrose) 
No treatment CON 
Given CAF/told CAF and Given 
PLA/told CAF resulted in 15.4% (63 
s) and 17.4% (71 s) improvements 







Given CAF/told CAF 




Participants were provided with positive 
information about the potential effects of 
CAF supplementation to enhance 
performance. 
activation and pre-frontal cortex 
deoxygenation was augmented 
across both CAF treatments, versus 
CON. The latter effect is associated 
with antagonism of A1 and A2A 
adenosine receptors, and 







Tallis et al. (2016)  
Using a 10-point Likert scale (−5 representing very negative and +5 very positive 
effect), all participants in Tallis et al. (2016) expected CAF to improve performance 
at the beginning (mean +3.09 ± 0.44) and end of exercise (mean +3.18 ± 0.42). 
Interestingly, when participants perceived CAF to have a greater performance 
benefit, there was a negative association in peak force of the knee extensors at 120° 
per second for given PLA/told CAF versus given PLA/told PLA. These results 
suggest that a greater perceived benefit may deduce a smaller practical significance 
whereas lower perceived benefits may have greater practical significance. This 
theory is in contrast to Geers et al. (2007), who concludes that perceived optimism 
or pessimism will facilitate a placebo or nocebo response, respectively. In contrast, 
Tallis et al. (2016) suggest an inverse relationship between expectations and 
motivation with too positive an expectation resulting in over reliance of CAF 
ergogenicity and reductions in conscious effort. Therefore, for the greatest 
performance benefits expectations may need to be modulated to an optimum point, 
much like the inverted U-hypothesis proposed by Yerkes & Dodson (1908), and this 
point might differ individually, based on belief and concurrent level of motivation, 
temporally and experientially.  
Saunders et al. (2017) 
In contrast to previous observations (Duncan, 2010; Foad et al., 2008; Kalasountas 
et al., 2004), the findings of Saunders et al. (2017) suggest that the correct 
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identification and subsequent expectation of a placebo does not influence exercise 
performance. The variances in these findings might be associated with differences 
in participant perceptions being associated with placebo efficacy. Like CAF 
expectancies, a relationship may be plausible between placebo expectancies and 
performance effects (Beedie, 2007). However, in the current review no studies 
explored placebo expectancies. Moreover, when assessing the influence of CAF 
psychology and pharmacology, post-exercise expectancies influenced by 
perceptions related to the experimental manipulation are often overlooked but should 
be considered as significant as pre-exercise expectancies for subsequent bouts of 
exercise. This was evident through a relationship between CAF expectancies, 
perceived symptoms (e.g., tachycardia, alertness, trembling), and improvements in 
mood states during exercise, with participants feeling “better” and “less tired” 
(Saunders et al., 2017; p.7). These perceptions may have been further influenced, 
as participants were considered aware of CAF’s ergogenic impetus and may have 
anticipated CAF-related symptoms. Consequently, this may have enhanced 
expectancies and improved cycling performance. However, a relationship between 
habituated CAF consumption and expectancies should not be assumed and instead 
assessed independently as some contradictory findings have been observed (Foad 
et al., 2008; Harrell & Juliano, 2009; Tallis et al., 2016). 
Brietzke et al. (2017) 
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Brietzke et al. (2017) utilised a deceptive administration design, prior to assessing 
cycle ergometer based maximal incremental tests and found psychology and 
synergism enhanced (~17% and 19%, respectively) exercise capacity versus CON, 
and this was due to ameliorated RPE as indicated by likely beneficial effects (75% 
probability) for told CAF conditions versus CON. Although it is outlined that 
participants were with positive information about the potential effects of CAF 
supplementation to enhance performance across this study and Pires et al. (2018) it 
is unclear whether this was communicated verbally, written or an interactive (i.e. 
PowerPoint presentation) format.  
Pires et al. (2018) 
A similar experimental design and participant cohort was utilised by Pires et al. 
(2018) and similar benefits were deduced with psychology and synergism improving 
exercise capacity by 17% and 15% respectively, versus CON. Told CAF treatments 
also resulted in greater rectus femoris activation which may be associated with 
enhanced power output and reduced perceptual effort (Doherty & Smith, 2004; 
Doherty & Smith, 2005). However, it is unclear whether the benefits observed during 
synergism across both studies (Briezke et al., 2017; Pires et al., 2018) were due to 
expectancies or CAF pharmacology. Implementation of the double-dissociation 
design and post-hoc analysis of subjective perceptions may have provided further 
insights here.  
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2.8.2. CAF Expectancies and Cognitive Performance  
Fillmore & Vogel-Sprott (1992) 
Four types of events are relative to the type of expectancy effects observed, these 
are; the stimuli that are associated with administration of the drug, the stimulus effect 
of the drug, the drugs effect on a symptom/sensation related to the activity, and the 
subsequent outcome (Fillmore & Vogel-Sprott, 1992; Tunnicliffe et al., 2008; Vogel-
Sprott & Fillmore, 1990). Post-hoc analysis revealed that all participants in the 
current study believed they had received caffeinated coffee, and the expectation for 
a positive/negative performance effect generally correlated with the type of 
symptom/sensation experienced. For example, individuals with positive 
expectancies felt more alert, whereas individuals with negative expectancies felt less 
alert and more tense. Moreover, the differences in these perceptions were directly 
affiliated with successful/unsuccessful psychomotor performance (Fillmore & Vogel-
Sprott, 1992). These findings postulate that expectancies may mediate CAF-related 
symptoms/sensations, and these symptoms/sensations might be influenced by the 
direction of expectancy and the performance measure employed. The authors 
suggest that expectancy effects are more likely experienced by individuals who hold 
neutral habituated expectancies due to a greater responsiveness to expectancy 
manipulation techniques employed. More salient techniques may be required for 
individuals who hold greater habituated expectancies, e.g., false performance 
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feedback, vicarious performance observations that are associated with CAF (Foad 
et al., 2008; Tallis et al., 2016). 
Walach et al. (2001) 
The lack of expectancy effect observed by Walach et al. (2001) might be explained 
by various methodological limitations. Firstly, the perception of a five-minute 
ingestion period may have been deemed insufficient by participants, especially as 
elevated CAF levels are detected in the blood stream between 20–120 minutes 
(Sinclair & Geiger, 2000). This issue may have been compounded as participants 
were considered regular CAF consumers and may have held habituated 
expectancies regarding CAF metabolism (Saunders et al., 2017). Post-hoc analysis 
revealed only 50% of participants believed the cover story used with 15% 
discovering the deception employed. Secondly, the consumption of exogenous CAF 
may have influenced these findings, especially as CAF half-life ranges from 1.5–9.5 
hours (Somani & Gupta, 1988) and participants were asked to avoid CAF only 4 
hours prior to trials. This issue seems a reoccurring theme (Dawkins et al., 2011; Oei 
& Hartley, 2005). Thirdly, the concentration tasks that were deployed involved 
participation in video games on a desk computer. 1/6 % of participants had no 
experience with video games and 28% did not work with a computer. Therefore, a 
lack of understanding for the tasks employed may have influenced these findings.  
Walach et al. (2002) 
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Subjective expectancies were considered to be neutral at baseline and they were 
not augmented by the experimental manipulation employed. The authors attribute 
this to the low suggested dose of CAF used (one cup of coffee). However, the low a 
priori expectation observed at baseline suggests that participants held neutral beliefs 
regarding CAF ergogenicity from the onset. In distinction to the postulate of 
Saunders et al. (2017), these findings propose that habitual CAF consumption may 
not necessarily indicate habituated expectancies. Therefore, future research should 
explore habituated expectancies independently. Alternatively, these findings may 
have been influenced by the success of the expectancy manipulation employed with 
16% of participants describing it as somewhat believable and 11% second guessing 
the true nature of the study. In contrast, Fillmore & Vogel-Sprott (1992) observed 
performance effects across participants who displayed low a priori expectancies, 
however, a more successful expectancy manipulation procedure was confirmed. 
Finally, it is unclear whether the limitations that were described in Walach et al. 
(2001) were addressed in this study. 
Oei and Hartley (2005) 
It is unclear whether ‘told CAF’ refers to given CAF/PLA conditions. Likewise, it is 
difficult to interpret the information that was provided during ‘given CAF’ conditions. 
Yet, if told CAF conditions refer solely to expectancies, then the results of Oei and 
Hartley (2005) suggest that positive habituated expectancies can improve sustained 
attention performance comparably versus CAF pharmacology. These findings are in 
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contrast to Walach et al. (2002) who observed no performance effect in individuals 
displaying low a priori expectancies. However, in the current study subjective 
expectancies were modulated through the use of verbal feedback and open 
preparation of solutions. The latter technique was also used by Fillmore & Vogel-
Sprott (1992) who also observed expectancy effects but in individuals displaying low 
a priori expectancies. This observation supports the notion that more salient 
manipulation techniques could exert greater expectancy effects. Habituated 
expectancies may significantly influence the ergogenicity of CAF expectancies, 
therefore further information regarding the origin of these beliefs is required, as it is 
likely personal and vicarious experiences associated with CAF, social factors (sports 
cultures etc.), and perceptions influenced by advertisement campaigns will likely 
prove influential here (Moerman & Jonas, 2002; Saunders et al., 2017; Zimmerman, 
2002).  
Schneider et al. (2006) 
The authors attributed the lack of expectancy effect that observed to the dose of CAF 
used, which may have been insufficient to stimulate central nervous activity or 
expectancies, especially if participants were accustomed to consuming greater 
quantities whereby a physiological tolerance may have been developed to lower 
dosages (Evans & Griffiths, 1992). However, no information regarding habitual CAF 
consumption was provided, therefore this cannot be confirmed. This seems a 
reoccurring theme (Beedie et al., 2006; Duncan et al., 2009; Pollo et al., 2008). It is 
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important for future research to explore participants’ dietary habits and habituated 
expectancies to elucidate whether a relationship exists between these factors, and 
if so, why contradictory observations are prevalent (Fillmore & Vogel-Sprott, 1992; 
Saunders et al., 2017; Walach et al., 2002). This may be associated with the 
techniques used to manipulate expectancies. Similar to Walach et al. (2001; 2002) 
who also observed no expectancy effect, the current study also used leaflets to 
describe CAF’s ergogenic benefit. In contrast to written measures, when visual 
techniques (e.g., presentations, watching coffee brewed, etc.) were used, an 
expectancy effect was always observed, and successful expectancy manipulation 
was confirmed whenever this was explored.  
Harrell and Juliano (2009) 
Harrell and Juliano (2009) explored the effects of CAF expectancies on reaction 
time, alertness and concentration which have been observed to enhance 
performance across a range of sports (e.g., soccer, rugby, boxing) (Golby et al., 
2004; Guidetti et al., 2002; Stuart et al., 2005). The induction of side effects (e.g., 
episodes of headaches and negative somatic effects) and prevalence of CAF 
withdrawal symptoms were considered more substantive during “told impair” 
conditions. The authors suggest compensating for these debilitative perceptions and 
reverse any performance declines individuals may have increased conscious effort. 
Alternatively, participants in “told enhance” conditions may have become 
overconfident resulting in reductions in effort (Tallis et al., 2016). In support of this 
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notion, post-hoc analysis revealed that all participants believed the deception 
employed and general expectancies for improved cognitive performance were 
greater in “told enhance” versus “told impair” conditions. This observation further 
contradicts the notion of a linear relationship between expectancies and 
performance (Geers et al., 2007).  
Moreover, the benefit that is associated with CAF pharmacology may have been 
overestimated due to the potential reversal of withdrawal symptoms (N.B. 
participants were described as experiencing CAF withdrawal symptoms from the 
onset of this study) (James et al., 2005; Rogers et al., 1998; Yeomans et al., 2002). 
Interestingly, CAF only ameliorated these symptoms during “told enhance” 
conditions, with “given CAF/told impair”, resulting in greater perceptual side effects 
and withdrawal symptoms versus all other conditions. It is unclear why similar effects 
were not observed for “given PLA/told impair”. During “told impair” conditions, CAF’s 
stimulatory properties may have augmented the perception of side effects and 
withdrawal symptoms experienced and induced a reverse nocebo effect. This 
advocates an interesting relationship between beliefs and CAF side effects. 
However, further research is required. 
Elliman et al. (2010) 
The findings of this study propose, when explored in isolation, neither CAF 
pharmacology nor psychology influenced reaction time. However, in combination 
performance improved which may further advocate a potential synergistic-
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relationship. For example, a possible lack of pharmacological stimulation associated 
with given PLA/told CAF may have induced suspicions and limited expectancies. 
Likewise, if the information that was relayed to participants during given CAF/told 
PLA was not kept neutral, any reduction in a priori expectancies may have reduced 
motivation and induced a nocebo response. Alternatively, it is possible that the 
performance benefits that are associated with given CAF/told CAF may also be 
related to the reversal of withdrawal effects, which are only applicable to habitual 
CAF consumers (Elliman et al., 2010). In line with Harrell and Juliano (2009), this 
further supports the notion that CAF expectancies may influence the perception of 
symptoms/sensations associated with its use. However, this remains speculative, as 
subjective perceptions were not explored, and no significant differences were 
observed across mood states.  
Dawkins et al. (2011) 
The findings of Dawkins et al. (2011) are in contrast to Elliman et al. (2010); however, 
various methodological differences may account for these discrepancies. For 
example, participants in the present study were considered CAF abstinent only 2 h 
prior to trials which is considerably less than the 12 h in Elliman et al. (2010). 
Subsequently, expectancy effects would have been less likely masked by the 
reversal of CAF withdrawal. However, CAF abstinence 2 h prior to trials suggests 
exogenous CAF may have influenced these results, especially as consumption rates 
were not checked at any point. Moreover, participant body mass was undisclosed, 
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but it is unlikely that the 75 mg dosage of CAF used fell within the previously defined 
ergogenic range (3–9 mg/kg/BM). Absolute doses of CAF also present difficulties in 
regulating subjective CAF intake, which may negate CAF pharmacology, especially 
if between-group anthropometry is not standardised. Furthermore, because this 
dosage represented habitual CAF consumption, the development of CAF tolerances 
cannot be ruled out (Baumeister et al., 2007). Therefore, these results may indicate 
that CAF expectancies are not limited by the development of pharmacological 
tolerances and individuals may not need to increase habitual dosages. Moreover, 
the success of expectancy manipulations may partly depend on an individual’s ability 
to perceive consumption of pharmacologically active CAF, which is less likely 
following lower dosages. This notion is supported in the current study as no 
participant guessed the true nature of the research. In contrast, the dose of CAF 
consumed was substantially greater during Elliman et al. (2010), and the authors did 
not confirm successful expectancy manipulation. Finally, participants in told PLA 
conditions reported less vigour and greater depression from pre-drink to post-drink; 
therefore, a nocebo effect cannot be ruled out. The opposite was observed for told 
CAF conditions.  
Denson et al. (2012) 
The strength model of self-regulation (Baumeister et al., 2007) explains that self-
control and composure rely on executive control capacity, which during cognitively 
demanding tasks can be temporarily depleted. Once participants become depleted, 
39 
 
they will be less able to control emotional impulses, which may inhibit mental 
function, e.g., decision making, awareness, and subsequently impair sport, exercise, 
and cognitive performance (DeWall et al., 2007).  
Denson et al. (2012) suggest CAF expectancies provided participants a cognitive 
boost and increased motivation. However, it is unclear why similar results were not 
applicable to CAF. Alternatively, CAF may have increased physiological arousal 
through central nervous stimulation, which may have augmented feelings of 
aggression and subsequently reduced executive control capacity. This would 
support the findings of Harrell and Juliano (2009) and it may represent a link between 
perceptions of side effects, the direction of expectancy, and the resulting benefit/lack 
of benefit on the outcome measure(s) assessed. To further assess the effect of CAF 
on executive control capacity, future studies should explore subjective perceptions 
and include a cognitively demanding outcome measure, e.g., Stroop task, Bakan 
vigilance task, BATAK. This would help to triangulate the link between expectancies, 
executive control capacity, and cognitive performance more effectively. 
Domotor et al. (2015) 
Knowledge of CAF consumption augmented general expectancies and reduced SBP 
(5 mmHg) and HR (3 bpm), versus uncertainty of CAF consumption. Reductions in 
physiological arousal have been observed to improve cognitive function and 
attention (Cha et al., 2012), however, it is unclear whether this was mediated by 
expectancies or another mechanism, as CAF is generally considered to be 
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stimulatory in action. Alternatively, the concept of uncertainty in group 3 may have 
increased blood pressure, which could also help to explain this discrepancy (Peters 
et al., 2017). Alternatively, these results may have been influenced by 
methodological limitations, including a between-subjects study design, a lack of 




Table 2.2. Characteristics and findings of studies assessing caffeine expectancies on cognitive performance. 
Author(s) Sample characteristics 
Experimental design & 
main performance 
measure(s) 




56 male (19–29 years) low 
caffeine consuming (2 ± 2 







Main outcome measure 
Computerised pursuit rotor 
task adjudged by % time 











‘Fairly strong dose of coffee’ was 
prepared in front of participants.  
Groups were subsequently 
informed caffeine would positively 
(E+), negatively (E−) or not effect 
performance (E?) 
Baseline psychomotor performance was 
similar between all groups. Additionally, all 
participants expected caffeine to have 
negligible influence.  
 
The expected effect of caffeine predicted 
the placebo response observed with E+ 
displaying the greatest performance 
benefits (67.5 ± 10.27 %) versus E− 
(49.17 ± 14.20 %), E? (57.40 ± 11.78%) 
and CON (57.62 ± 9.98 %). 
Walach et 
al. (2001) 
53 male and 104 female (28 ± 
8 years) regular caffeine 
consuming (≥ 1 cup of coffee 







Main outcome measure 
Self-devised test (finding 
misprints in a text), and Wally 
the worm video game 
Received  
Decaffeinated coffee 









No expectancy effect observed. 
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Flyer describing caffeine’s effects 
on concentration levels 
Walach et 
al. (2002) 
44 male undergraduate 
students (22 ± 2 years). 
Habitual caffeine 






Main outcome measure 
Self-devised test finding 
misprints in a text and clicking 
X on a computer when a 
previously denoted sequence 




No treatment CON 
 
Informed  
Caffeinated coffee  





Flyer describing caffeine’s effects 
on concentration levels 




11 male and 21 female (25 ± 
8 years) low caffeine 
consuming (≤ 120 mg per day 





subjects and single-blind 
 
Main outcome measure 
Sustained attention, memory, 
and delayed recall task 
Received 




given CAF/told CAF 
given CAF/told PLA 
given PLA/told CAF 
given PLA/told PLA 
 
Expectancy manipulation 
Caffeinated coffee prepared in 
front of participants 
Participants were also allowed to 
inspect the jar that was perceived 
to contain caffeine 
For sustained attention, more correct 
detections were observed for told CAF 
(69.05 ± 0.97) and given CAF (69.00 ± 
1.23) versus PLA (66.48 ± 1.51 and 66.53 
± 1.21, respectively) for individuals 
displaying positive habituated 
expectancies only.  
 
Participants committed fewer false alarms 
for told caffeine (5.42 ± 0.78) and given 
caffeine (5.42 ± 0.68) versus placebo 





et al. (2006) 
20 males and 25 female 
German adults (27 ± 8 years) 
Habitual caffeine 






Main outcome measure  
The interactive test battery for 
attentional performance 
(Schneider et al., 2006) 
Received  
250 ml caffeinated (2 mg/kg/BM) 
orange juice solution in all trials 
 
Informed 
Caffeinated orange juice solution 




Flyer describing caffeine’s effects 
on the central nervous, cognitive 
and cardiovascular systems 




19 male and 41 female (23 
years) regular caffeine 







Main outcome measures 
Rapid visual information 
processing (RVIP), and finger 
tapping tasks 
Perceived motivation was 
explored prior to cognitive 
performance using a 4-point 
Likert scale (0 − not at all, to 
4 − extremely) 
Received  
500 ml caffeinated (280 mg) 
coffee 
500 ml decaffeinated coffee 
 
Informed 
Caffeinated coffee  
 
Expectancy manipulation 
Verbally informed caffeine would 
either enhance or impair 
performance 
CAF consumption resulted in 
improvements across all performance 
measures versus PLA, however no 
significant differences were observed 
between told impair/enhance conditions. 
Told enhance increased motivation for the 
RVIP (+ 0.58) and finger tapping task (+ 
0.87) versus told impair. 
However, given placebo/told impair 
resulted in greater improvements in 
reaction time (−10.08 ± 10.67 milliseconds 
(ms)) and RVIP hits (+2.67 ± 2.33) versus 
given placebo/told enhance. 
Elliman et 
al. (2010) 
6 male and 21 female (21 
years) habitual caffeine 
consuming (≥ 1 cup of coffee 





and single blind 
 
Received 




given CAF/told CAF 
given CAF/told PLA 
No effect was observed for mean correct 
and false hits for given CAF/told PLA (3.88 
and 0.31 hits) versus given PLA/told CAF 
(3.72 and 0.32 hits), respectively. Neither 
group presented a meaningful 
improvement versus given PLA/told PLA.  
Significant differences for correct hits were 
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Main outcome measure 
Bakan vigilance task 
given PLA/told CAF 
given PLA/told PLA 
 
Expectancy manipulation 
Verbally informed decaffeinated 
coffee was administered in TP 
conditions 
observed for given CAF/told CAF versus 
given CAF/told PLA (+0.24) and given 
PLA/told CAF (+0.40), respectively. 
Dawkins et 
al. (2011) 
44 male and 44 female (26 
years) habitual caffeine 







Main outcome measures 
A card sorting task, 40 
congruent (printed words and 
colours the same) and 40 
incongruent stimulus tasks 
Received 




given CAF/told CAF 
given CAF/told PLA 
given PLA/told CAF 
given PLA/told PLA 
 
Expectancy manipulation 
Verbally informed decaffeinated 
coffee was administered in told 
PLA conditions 
Given CAF/told CAF performed the best 
on all 3 performance measures, whilst 
given PLA/told PLA performed the worst.  
given PLA/told CAF performed better on 
the congruent (39 versus 36 correct 
responses), incongruent (37 versus 35 
correct responses) and card sorting task 
(10% faster) versus given CAF/told PLA. 
Denson et 
al. (2012) 
63 male and 61 female (27 ± 
8 years) light caffeine 
consuming (≤ 1 cup of coffee 







Main outcome measures 
The Taylor aggression 
paradigm following cognitive 
depletion (e.g., exhausting 
reading task and aggression 
provocation procedure) 
Received 
CAF tablets (200 mg) 
PLA tablets 







Verbally informed CAF tablets 
Following cognitive depletion, PLA 
resulted in greater executive control 
capacity versus CON and CAF. No 








42 male and 65 female (22 ± 
4 years) habitual caffeine 
consuming (3 ± 1 cups of 







Main outcome measure  
Simple reaction time using 
the PsychLabWin v.1.1 
software (Informer 
technologies inc., Washington 




Caffeinated coffee (5 mg/kg/BM) 
Decaffeinated coffee 




Conditional placebo (Group 2) 
Conditional caffeine (Group 3) 
Deceived placebo (Group 4) 
Caffeine (group 5) 
 
Expectancy manipulation 
Verbally informed CAF tablets 
were equivalent to 2 cups of 
coffee 





2.8.3. Discussion  
This review has addressed nine intervention studies relating to CAF expectancies 
within the sport and exercise literature, and a further 10 studies relating to measures 
of cognitive function that may be indirectly affiliated with sport and exercise 
performance. With respect to the 19 studies included, potential expectancy effects 
were implicated across 15 studies and these were for tasks including cycling power 
output (Beedie et al., 2006; Duncan, 2010; Foad et al., 2008; Saunders et al., 2017), 
cycling endurance capacity (Brietzke et al., 2017; Pires et al., 2018) resistance 
exercise (Duncan et al., 2009; Pollo et al., 2008; Tallis et al., 2016), attentional focus 
(Dawkins et al., 2011; Denson et al., 2012; Oei and Hartley, 2005), simple reaction 
time (Harrell and Juliano, 2009; Oei and Hartley, 2005), and cognitions (Dawkins et 
al., 2011; Denson et al., 2012; Elliman et al., 2010; Fillmore & Vogel-Sprott, 1992; Oei 
and Hartley, 2005). This review advocates the importance for future studies to 
implement experimental designs that explore expectancies and the psychological 
permutations associated with CAF. This will provide further clarity regarding CAF’s 
mechanism(s) of action. At present, these psychological permutations remain largely 
unaccounted for but may be as influential as CAF pharmacology (Saunders et al., 
2017). 
Where applicable, the double dissociation design and a mixed methods approach 
should be implemented in conjunction during studies assessing CAF expectancies 
and/or generic CAF intervention studies. With respect of generic CAF intervention 
studies, it is important to standardize expectancies to prevent overlaps between CAF 
psychology and pharmacology. This will increase the reliability when attempting to 
denote the true magnitude of effect for CAF pharmacology. Within the current review, 
during the adoption of a double-dissociation design, synergism of CAF pharmacology 
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and psychology generally resulted in the greatest performance improvements. A 
relationship between these properties is plausible. However, at present, limited 
information is available here and further research is required. A mixed methods 
approach entails quantitative analysis of the performance parameters employed, but 
also qualitative exploration of the psychological permutations associated with CAF 
(Clark & Creswell, 2004; Creswell, 2004). As previously described, this can be 
achieved via the use of questionnaires (McClung & Collins, 2007), visual analogue 
scales (Duncan et al., 2009), and verbal feedback mechanisms (Beedie et al., 2006) 
Participant expectancies may be influenced by a host of experimental and non-
experimental parameters and should therefore be considered dynamic in nature and 
explored across studies, as the experiences during one trial may affect subsequent 
trials. Additionally, perceptions have been observed to change from pre to post 
exercise (Saunders et al., 2017). Henceforth, the implementation of post-hoc analysis 
is important to understand the influence of expectancies across studies. Subjective 
post-hoc analysis could also provide further information regarding the influence that 
inter-personal differences may have on placebo responsiveness. No studies have yet 
employed a double dissociation design in combination with subjective post-hoc 
analysis to explore expectancy mechanisms. Implementation of these methodological 
practices will help to elucidate further information regarding CAF expectancy.  
Expectancy effects are likely mediated by a variety of factors. Within the current review 
examples included perceived side effects (Dawkins et al., 2011; Elliman et al., 2010; 
Fillmore & Vogel-Sprott, 1992; Saunders et al., 2017), habituated expectancies 
(Beedie et al., 2006; Duncan et al., 2009; Fillmore & Vogel-Sprott, 1992; Tallis et al., 
2016; Oei & Hartley, 2005; Walach et al., 2002), pre-existing CAF consumption habits 
(Tallis et al., 2016; Oei & Hartley), and the mode of expectancy manipulation (Dawkins 
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et al., 2011; Domotor et al., 2015; Duncan, 2009; Foad et al., 2008; Schneider et al., 
2006). Visual stimuli were always correlated with an expectancy effect irrespective of 
the performance measure assessed. In contrast, when literature describing CAF 
ergogenicity was employed, an expectancy effect was never observed during cognitive 
assessment (Schneider et al., 2006; Walach et al., 2001; Walach et al., 2002), but 
always observed for sport and exercise performance (Duncan et al., 2009; Duncan, 
2010; Pollo et al., 2008). Verbal affirmations (Beedie et al., 2006; Dawkins et al., 2011; 
Domotor et al., 2015; Elliman et al., 2010; Harrell & Juliano, 2009; Tallis et al., 2016) 
resulted in an expectancy effect of 75% and 100% of the time, for cognitive and sport 
and exercise performance, respectively. Only one study used multiple techniques to 
modulate expectancies, and an expectancy effect was observed alongside 
confirmation of successful expectancy manipulation here (Foad et al., 2008). These 
findings suggest that, although expectancy effects were always modulated during 
sport and exercise performance, visual depiction of CAF ergogenicity might represent 
the greatest expectancy benefit during cognitive performance and this may be linked 
to greater saliency (Fillmore & Vogel-Sprott, 1992; Foad et al., 2008; Tallis et al., 
2016). In contrast, the provision of reading material proved least influential. Future 
studies should validate the efficacy of techniques used to modulate these 
expectancies. Moreover, a lack of validation and general consideration is also 
apparent when administering ‘told placebo’ conditions. Studies should aim to 
neutralise expectations here. If this issue is unaddressed a nocebo response may 
occur which may subsequently overestimate CAF expectancies (Duncan et al., 2009; 
Saunders et al., 2017). Alternatively, inclusion of a fifth group (CON), which is not 
subjected to an experimental manipulation, might also assist with this issue. 
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Fifteen out of 19 studies used individuals who were considered habitual consumers 
and expectancy effects were apparent in 12 of these. A trend was observed when 
habitual CAF consumption and positive habituated expectancies were correlated with 
2/2 studies observing an expectancy effect (Oei & Hartley, 2005; Tallis et al., 2016). 
However, when individuals displayed a low a priori expectation (2/4) (Fillmore & Vogel-
Sprott, 1992; Walach et al., 2002), expectancy effects were only observed following 
confirmation of successful expectancy manipulation. In comparison, four studies did 
not confirm participants’ habitual CAF consumption habits (Beedie et al., 2006; 
Duncan et al., 2009; Pollo et al., 2008; Schneider et al., 2006), with three observing 
expectancy effects. Two of these studies did however confirm habituated expectancies 
for performance effects (Beedie et al., 2006; Duncan et al., 2009). Future studies 
should acknowledge the potential relationship between habitual CAF consumption and 
habituated expectations. However, expectancy effects may also be observed in 
individuals with low a priori expectations following successful expectancy 
manipulations. The relationship between habituated expectancies and CAF 
consumption habits may also hold implications regarding health states. For example, 
in some populations, habitual CAF consumers are at an increased risk of the 
debilitative health concerns versus acute consumers. Yet, these individuals may also 
reap a greater expectancy benefit due to potentially greater habituated expectancies 
(Saunders et al., 2017). However, too great an expectation may prove debilitative to 
performance by potentially increasing motivation/confidence to a point of debilitation 
(Harrell & Juliano, 2009; Tallis et al., 2016). Practitioners may therefore wish to 
consider factors (e.g., personality characteristics, social factors, etc.) that might 
influence the placebo effect, and how these may be managed to optimise the 
effectiveness of interventions. The perception of side effects was correlated with an 
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expectancy effect during three studies (Dawkins et al., 2011; Fillmore & Vogel-Sprott, 
1992; Harrell & Juliano, 2009) with only one displaying no effect (Elliman et al., 2010). 
However, the direction of these effects seemed to depend on individual perceptions 
for a positive or negative performance benefit.  
Within the current review 17 studies attempted to explain the mechanisms associated 
with expectancy effects. Some examples included: feelings of side effects and 
physiological arousal (Beedie et al., 2006; Domotor et al., 2015; Duncan et al., 2009; 
Harrell & Juliano, 2009; Pires et al., 2018) changes in mood states (Beedie et al., 2006; 
Denson et al., 2012), reductions in the perception of effort (Beedie et al., 2006; 
Brietzke et al., 2017; Duncan et al., 2009, Pires et al., 2018; Pollo et al., 2008) changes 
in motivation (Beedie et al., 2006, Denson et al., 2012; Harrell & Juliano, 2009; Tallis 
et al., 2016), and the nature of habituated expectancies and beliefs (Beedie et al., 
2006; Duncan et al., 2009, Duncan, 2010; Fillmore & Vogel-Sprott, 1992; Saunders et 
al., 2017). However, only two studies (Beedie et al., 2006; Duncan et al., 2009) 
performed post-hoc analysis to subjectively explore these mechanisms further. These 
mechanisms may be multifactorial and depend on a range of subjective factors 
inclusive of advertisements, beliefs, living experiences, and social relationships 
(Bandura, 1977; Saunders et al., 2017). However, it is likely that individuals who share 
similar personal and/or sport culture(s) may utilise comparable mechanisms due to 
aligned beliefs (Moerman & Jonas, 2002; Saunders et al., 2017). 
2.8.4. Conclusion 
To conclude, 15 out of 19 studies in the current review indicated expectancy effects of 
varying magnitudes across a range of exercise tasks and cognitive skills. These 
results support the notion that the psychological permutations associated with oral 
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CAF consumption may significantly influence CAF ergogenicity and it may be as 
significant as CAF pharmacology. Given these findings, future studies exploring the 
influence of CAF expectancies on sport, exercise, and/or cognitive performance 
should utilize the double dissociation design that permits direct comparisons between 
CAF pharmacology versus psychology and may inform CAF’s proposed 
mechanism(s) of action to a greater extent. This recommendation is also particularly 
relevant to generic CAF intervention studies where at present CAF’s psychological 
permutations are largely overlooked, but it may significantly influence any ergogenic 
response. However, to effectively employ such comparisons, future studies should 
assess the success of expectancy manipulation, which is likely influenced by various 
inter-personal factors including habitual CAF consumption, habituated expectancies, 
and the social profile of participants used. These factors may be explored through the 
use of questionnaires and/or interview procedures. Furthermore, the techniques used 
to modulate expectancies are also important to the success of expectancy 
manipulation, however, at present, these require validation. Finally, it is fundamental 
to employ qualitative analytical techniques, including the use of questionnaires and 
post-hoc analysis to gain a greater understanding how expectancies are modulated 








Chapter 3. Meta-analyses on caffeine expectancies and sport, 
exercise, and cognitive performance 
3.1. Introduction 
Meta-analysis is a statistical method for combining a collection of effect estimates from 
multiple separate studies which typically explore the same phenomenon and affords 
greater statistical power of data findings (Higgins & Green, 2008; Lin et al., 2017). The 
primary purpose and novelty of the current meta-analyses is to systematically analyse 
the performance related, quantitative findings associated with the published work of 
Shabir et al. (2018) (sections 2.8.1: CAF expectancies and sport and exercise 
performance and 2.8.2: CAF expectancies and cognitive performance). The 
aforementioned was achieved via the use of meta-analytics and helped to further 
derive scientific conclusions regarding the phenomenon of CAF expectancies and its 
influence on sport, exercise, and cognitive performance.  
3.2. Methods 
Two meta-analyses were performed. These assessed the systematic influence of CAF 
expectancies on sport and exercise (meta-analysis A) and cognitive (meta-analysis B) 
performance, respectively. However, due to significant methodological heterogeneity 
associated with meta-analysis B, any associated implications here should be taken 
with caution.  
Inclusion criteria across both meta-analyses were similar to those outlined in Shabir 
et al. (2018) (section 2.8) and included:  
1.) A primary aim of exploring CAF expectancies across sport, exercise, and/or 
cognitive performance.   
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2.) In line with the participant profile chosen across this thesis (section 3.2) 
participants were required to be healthy, non-smoking individuals, between 18 
– 40 years old.  
3.) A treatment isolating CAF’s psychological effects (i.e. given PLA/told CAF) 
which was compared against a placebo and/or CON condition.  
4.) Demonstration of a clearly defined performance outcome measure (e.g. 
cycling, resistance exercise, rapid visual information processing task, the 
Bakan vigilance task etc.). 
Various databases were searched (i.e., Google Scholar, SportDiscus, ResearchGate) 
with search criteria including terminology such as “caffeine expectancy”, “caffeine 
placebos” and “caffeine deception”. Where applicable secondary search criteria were 
included and consisted of terminology, such as “sport”, “exercise”, “cognitions”, and 
“mental processing”. If databases did not provide this option, then primary and 
secondary search terminology were amalgamated. Finally, the reference sections of 
select papers were also used to inform this process. 
With respect of inclusion criterion 3 and 4, two studies were excluded from those 
originally extrapolated as these did not include a clearly distinct performance measure 
across sport, exercise and/or cognitive performance (Denson et al., 2012) or isolate 
CAF expectancies (i.e. entail a condition representing given PLA/told CAF) (Harrell & 
Juliano, 2009), respectively. Subsequently, 9 studies assessing sport and exercise 
performance were analysed in meta-analysis A whilst 8 studies assessing cognitive 
performance were analysed in meta-analysis B.  
Meta-analyses were completed using OpenMetaAnalyst (Wallace et al., 2012) 
(CEBM, University of Oxford). The effect size magnitudes and statistical 
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threshold/confidence intervals were similar to those outlined in section 5.4. For 
example, the effect size (ES) (Cohen’s d) was calculated using the difference in means 
divided by the pooled SD of the compared values (Nakagawa & Cuthill, 2007). The 
statistical threshold was set at p<0.05 and where applicable, exact p values are 
presented (Higgins et al., 2014; Higgins et al., 2016). Visual depictions of these 
findings are represented as forest plots (figures 3.2. and 3.4.).  
The metric used represented the standardised mean difference to account for 
variances in the type of performance measure employed (e.g. resistance exercise 
versus cycling; card-sorting task versus the Bakan vigilance task etc.) across studies 
(Lin et al., 2017). Higgins (2003) suggests although practitioners should aim to 
minimise the impact of methodological heterogeneity during meta-analysis it is 
inevitable that some will occur. The continuous random-effects model was chosen 
over a fixed-effects approach during the current analysis to account for between-study 
heterogeneity (Borenstein et al., 2010; Riley et al., 2011). In the fixed-effects approach 
the methodological inclusion/exclusion criterion of encompassed studies (e.g. clinical 
criterion: the participant profile used, method of treatment administration, study design 
and the outcome measures assessed; and statistical criterion: the ratio of benefit 
versus harm, effect size calculations, statistical thresholds) should be similar (Ades et 
al., 2005; DerSimonian & Laird, 1986; Fleiss & Gross, 1991). Indeed, numerous 
methodological discrepancies (e.g. method of treatment administration, study design 
and the outcome measures assessed) were observed across the studies included in 
these meta-analyses (tables 2.1. and 2.2). This further supports the use of the 
continuous-random effects model. 
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The heterogeneity across each meta-analysis was assessed via Q and I2 statistics and 
can be explained via the below equation where Q is the chi-squared statistic and df is 
its degrees of freedom (Higgins & Thompson, 2002; Higgins et al., 2003). 
 I2 = ((Q – df) / Q) x 100% 
The I2 statistic measures the proportion of total variation that is due to heterogeneity 
and not sampling error (Higgins & Green, 2008). Higgins and Green (2008) provided 
an empirical meta-score to further understand this variation, these are as follows: 0% 
– 40% (low heterogeneity), 30% – 60% (moderate heterogeneity) 50% – 90% (high 
heterogeneity). These ranges overlap to account for the numerous factors that may 
influence heterogeneity (Gavaghan et al., 2000; Lin et al., 2017).  
Bias detection (e.g. publication and selection bias, issue associated with smaller, less 
powered studies versus larger, greater powered studies etc.) (Sterne et al., 2005) 
across each meta-analysis was assessed via Egger statistics (Egger et al., 1997) and 
bias-assessment, Funnel-plots (figures 3.1. and 3.3.). Egger et al. (1997) suggests 
within this test, the y intercept = 0 from a linear regression of normalised effect 
estimate (estimate divided by its standard error) against precision (reciprocal of the 
standard error of the estimate). Regarding bias-assessment, Funnel plots, Sterne & 
Egger (2001) propose the best choice for the y and x axis for detecting a small sample 
effect is the standard error and the standardised mean difference, respectively. This 
is to ensure consistency regarding the shape of the plot irrespective of whether the 
resulting outcome is defined as an occurrence or non-occurrence event. Bias was 
minimised within the current meta-analyses by including clearly defined 
inclusion/exclusion criteria (section 3.2) with two studies subsequently excluded 




Meta-analysis A – Caffeine expectancies and sport and exercise performance 
The participant sample size and characteristics, and weighting of each study relevant 
to meta-analysis A can be observed in table 3.1. However, for a more detailed account 
with respect of the methodological components of meta-analysis A, please refer back 
to table 2.1. Meta-analysis A entailed a total of 163 participants. 
Table 3.1. study details for meta-analysis A 
 
 
Study name  
 
 




Beedie et al. (2006) 
 
7 well trained male cyclists 
(30 ± 11 years). Habitual 





Foad et al. (2008) 14 male (43 ± 7 years), 
moderate caffeine 
consuming (310 ± 75 mg) 
recreational cyclists 
11.46% 
Pollo et al. (2008) 44 male undergraduate 




Duncan et al. (2009) 12 resistance trained male 
participants (23 ± 6 years). 
Habitual caffeine 




Duncan (2010) 12 male (24 ± 4 years) 
moderate caffeine 
consuming (250 mg per day) 
trained participants 
9.67% 
Tallis et al. (2016) 14 male (21 ± 1 years) low 
caffeine consuming (92 ± 17 
mg per day) participants 
11.37% 
Saunders et al. (2017) 42 male (37 ± 5 years) 
moderate habitual caffeine 
consuming (195 ± 56 mg per 
day) trained cyclists 
20.32% 
Brietzke et al. (2017) 9 male (26.4 ± 4.8 years) 
low habitual caffeine 




Pires et al. (2018) 9 male (26.4 ± 4.8 years) 
low habitual caffeine 







Figure 3.1. Bias assessment for meta-analysis A (CAF expectancies and sport and 
exercise performance). 
Significant bias was observed (figure 3.1.) for meta-analysis A (Egger: bias=1.024; 
95% CI=0.503 to 4.324); p=0.02), however, heterogeneity was deemed non-significant 
(p=0.124). The Q (12.668) and I2 (36.85%) statistics also demonstrated minimal 
heterogeneity. Following meta-analytics, all 9 studies displayed a benefit associated 
with CAF expectancies (Saunders et al., 2017). The upper and lower bound with 
respect of 95% CI was -0.727 and -0.098, respectively. There was an overall 
significant benefit for CAF expectancies on sport and exercise performance (p=0.01) 





Figure 3.2. Meta-analysis results for studies assessing the influence of CAF 
expectancies on sport and exercise performance.  
The participant sample size and characteristics, and weighting of each study relevant 
to meta-analysis B can be observed in table 3.4. However, for a more detailed account 
with respect of the methodological components of meta-analysis B, please refer back 
to table 2.2. Meta-analysis B entailed a total of 556 participants. 









Fillmore & Vogel-Sprott 
(1992) 
 
56 male (19–29 years) 
low caffeine consuming 







Walach et al. (2001) 53 male and 104 female 
(28 ± 8 years) regular 
caffeine consuming (≥ 1 
cup of coffee per day) 
undergraduate students 
13.12% 
Walach et al. (2002) 44 male undergraduate 





Oei & Hartley (2005) 11 male and 21 female 
(25 ± 8 years) low 
caffeine consuming (≤ 
120 mg per day or 2 cups 
of coffee per day) 
undergraduate students 
11.80% 
Schneider et al. (2006) 20 males and 25 female 
German adults (27 ± 8 






Elliman et al. (2010) 6 male and 21 female 
(21 years) habitual 
caffeine consuming (≥ 1 
cup of coffee per day) 
undergraduate students 
12.91% 
Dawkins et al. (2011) 44 male and 44 female 
(26 years) habitual 
caffeine consuming 75 
mg per day) 
undergraduate students 
11.83% 
Domotor et al. (2015) 42 male and 65 female 
(22 ± 4 years) habitual 
caffeine consuming (3 ± 
1 cups of coffee per day) 
undergraduate students 
12.73% 




Figure 3.3. Bias assessment plot for meta-analysis B (CAF expectancies and cognitive 
performance).  
Significant bias was observed (figure 3.3.) for meta-analysis B (Egger: bias=-12.073 
(95% CI=-19.763 to -4.384; P=0.01). Moreover, there was also significant 
heterogeneity (Q (99.9) and I2 (92.99%) statistics) with respect of studies included in 
meta-analysis B (p<0.001). Following meta-analytics, three studies displayed a benefit 
related to CAF expectancies with five (Elliman et al., 2010; Schneider et al., 2006; 
Walach et al., 2001; Walach et al., 2002) displaying no effect. The upper and lower 
bound with respect of 95% CI was -1.446 and 0.207, respectively. Moreover, the 
standard error was 0.422 and there was an overall non-significant effect for CAF 
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expectancies on cognitive performance (p=0.142) with a small effect size (ES=0.1) 
(figure 3.4.).  
Figure 3.4. Meta-analysis results for studies assessing the influence of CAF 
expectancies on cognitive performance. 
3.4. Discussion 
Meta-analyses were employed in the current review to acquire statistical significance 
values and effect size estimates regarding the influence of CAF expectancies on sport, 
exercise, and cognitive performance. The primary findings of the current review are, 
from a statistical perspective, CAF expectancies significantly improved sport and 
exercise performance with a moderate effect size. However, no significant benefit and 
only a small effect size was observed for cognitive performance. Though, as previously 
discussed, significant heterogeneity affected the results of meta-analysis B, therefore 
any implications here should be taken with caution.   
According to the findings of the systematic review and meta-analysis in section 2.8 it 
can be concluded that CAF expectancies may benefit sport and exercise performance 
and this benefit may have practical implications as outlined by a moderate effect size 
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(Berdi et al., 2011). All nine studies assessing sport and exercise performance in the 
current review reported a benefit for CAF expectancies (i.e. given PLA/told CAF versus 
given PLA/told PLA and/or CON). In contrast, CAF expectancies may not benefit 
cognitive performance with only a small effect size observed and over half of the 
included studies displaying no benefit.  These findings suggest that CAF expectancies 
may better suit tasks that entail greater gross motor function as opposed to tasks that 
require a superior cognitive impetus.  However, the mechanism(s) associated with 
such an effect remain unclear as only two studies (Beedie et al., 2006; Duncan et al., 
2009) have thus far employed a mixed methods design to assess subjective 
perceptions in conjunction with quantitative performance related data. The main 
mechanism attributed across these studies was a reduction in perceptual effort. 
The general lack of expectancy/performance effect (Schneider et al., 2006; Walach et 
al., 2001; Walach et al., 2002) during cognitive performance may be explained by 
various methodological limitations. For example, 15% and 11% of participants in 
Walach et al. (2001) and Walach et al. (2002) respectively, second guessed the 
deception employed, and this may be associated with the use of only a 5-minute 
ingestion period. In contrast, all studies assessing sport and exercise performance 
utilised a ~60 min ingestion period which is considered optimum for peak CAF 
metabolism (Pickering & Kiely, 2018). This issue was likely exacerbated in Walach et 
al. (2001) as participants were habitual CAF users and may have held an appreciation 
for the time taken to achieve optimum CAF metabolism. Moreover, participants across 
both studies also indicated a lack of understanding for the performance measures 
employed. For example, 20% of participants in Walach et al. (2001) had never played 
video games, whilst 28% had not worked with a computer before and this may have 
downregulated the perceived importance of CAF from a psychosocial perspective. 
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This issue was likely persistent across all studies assessing cognitive performance as 
participants were described as either undergraduate students or adults, with no 
information provided regarding their suitability/past experience with respect of the 
tasks employed. In contrast, with the exception of Tallis et al. (2016), all studies 
assessing sport and exercise performance utilised participants who had some 
experience across the performance measures assessed. For example, recreationally 
active runners (Brietzke et al., 2017; Pires et al., 2018); trained cyclists (Beedie et al., 
2006; Saunders et al., 2017); resistance trained individuals (Duncan et al., 2009; 
Duncan, 2010). This past experience may advocate a subjective interest for the 
performance measure assessed and therefore a greater interest and importance 
regarding CAF’s ergogenic benefits. This in turn may enhance the magnitude of 
benefit observed (Saunders et al., 2017). Subsequently, future studies assessing the 
influence of CAF expectancies on cognitive performance should use participants who 
hold an interest and/or have experience with the performance measure assessed. No 
studies have assessed the influence of CAF expectancies on simulated soccer 
performance. As soccer places significant importance on cognitions and mental 
processing perhaps by using participants who have an interest and/or past experience 
in soccer (i.e. recreational soccer players), CAF expectancies may result in 
subsequent improvements in exercise capacity and cognitions. These cognitions 
could be assessed via an individual’s ability to perform key soccer skills (e.g. the ability 
to pass a ball accurately) as well as testing attributes such as attention, concentration 
and reaction time which are important to successful sport performance including 
soccer, rugby and boxing (Golby et al., 2004; Guidetti et al., 2002; Stuart et al., 2005).  
Various tasks (e.g. the Bakan vigilance task, congruent, incongruent stimulus tasks, 
card organisation tasks, rapid visual information processing tasks, etc.) that are 
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considered to be important determinants of skills across sport, exercise and cognitive 
performance (e.g. concentration levels, attentional focus, information recall, memory, 
simple motor speed performance etc.) (Scarpina & Tangini, 2017; Vakil et al., 1995) 
were assessed during meta-analysis B. In contrast, the influence of CAF expectancies 
was assessed on only two variations of exercise performance (i.e. cycling and 
resistance exercise) and assessment criterion (i.e. strength/power output and exercise 
capacity) across sport and exercise performance. Thus, another factor which may 
have influenced these findings is the variability of outcome measure assessed (i.e. 
resulting in lower power and greater heterogeneity of studies) especially as only eight 
studies were included in meta-analysis B. Indeed, the between-studies heterogeneity 
associated with meta-analysis B was considered statistically significant, and high 
according to Q and I2 statistics. In contrast, heterogeneity associated with meta-
analysis A was considered non-significant and low. Studies across meta-analysis B 
utilised a between subject’s design with 6/8 using decaffeinated coffee as the chosen 
vehicle of administration. Both of these factors may have further influenced the 
heterogeneity of studies. As previously outlined, the between-subjects design entails 
various inter-participant differences e.g. personality traits, previous experience with 
CAF use, beliefs regarding CAF ergogenicity that may impact the efficacy of CAF 
expectancies (Bandura, 1977; Bandura, 1982; Moerman & Jonas, 2002). Moreover, 
decaffeinated coffee contains over 1000 compounds, of which many have undergone 
negligible investigation regarding their influence on sport, exercise, and cognitive 
performance (Tunnicliffe et al., 2008). Therefore, there remains a potential for other 





Caffeine expectancies may be considered a means to harness and greater utilise an 
athlete’s psychophysiological reserves (Berdi et al., 2011). However, due to the 
relatively small amount of studies included across meta-analysis A (n=9) and meta-
analysis B (n=8) the effect size estimations calculated reflect limitations associated 
with under-powered analyses. Moreover, with respect of meta-analysis B, the variation 
across studies as advocated by significant and high heterogeneity presents further 
limitations here. As outlined previously, the between-subjects design is possibly the 
greatest contributing factor here as this design entails various inter-participant 
differences that may impact the efficacy of CAF expectancies (Bandura, 1977; 
Bandura, 1982; Moerman & Jonas, 2002). Studies assessing cognitive performance 
generally utilised a between-subjects design which possibly further reduced the 
validity of comparisons as it is impossible to completely match individuals for 
psychosocial factors such as personality traits, beliefs and life experiences (Moerman 
& Jonas, 2002). This issue could be resolved by utilising a within-subjects study 
design.  
The current meta-analyses only compared CAF expectancies (i.e. given PLA/told 
CAF) versus a placebo and/or CON. Across those studies assessed, none aimed to 
neutralise expectancies associated with PLA therefore a nocebo response may have 
occurred. The nocebo effect has been observed to overestimate the placebo effect by 
causing greater disparity between expectancies and beliefs (Chavarria et al., 2017). 
Future studies should aim to neutralise expectancies during PLA which may reduce 
the prevalence of nocebo responses and subsequently improve the reliability of 
between-treatment comparisons. Moreover, to more validly assess the efficacy of CAF 
68 
 
expectancies the double-dissociation design is necessary, whereby CAF’s 
psychological (given PLA/told CAF) and pharmacological (given CAF/told PLA) effects 
can be directly compared. Currently, only three studies included these groups across 
sport and exercise performance (Duncan, 2010; Foad et al., 2008; Tallis et al., 2016) 
and cognitive performance (Dawkins et al., 2012; Elliman et al., 2010; Oei & Hartley, 
2005) therefore any analyses here would have represented even lower power 
compared to the current analyses which only included nine (meta-analysis A) and eight 
(meta-analysis B) studies respectively. 
Both meta-analyses conducted in this thesis displayed significant publication bias. 
Publication bias may be defined as “an editorial predilection for publishing particular 
findings, e.g., positive results, which leads to the failure of authors to submit negative 
findings for publication.” (Last, 1983, p.12). Indeed, all studies across meta-analysis A 
displayed a positive effect for the influence of CAF expectancies on sport and exercise 
performance which could signpost such an occurrence. Various factors may influence 
the greater likelihood of publishing positive results versus negative results. Some 
examples include: investigators own beliefs and how data analysis is conducted (i.e. 
selective inclusion of positive, more interesting data findings and disregarding negative 
findings) (Angell, 1989; Newcombe, 1987), the editorial decision of journal papers to 
more likely publish positive versus negative findings  (Begg & Berlin, 1988; Light, 1984; 
Smart, 1964), the tendency for reviewers to greater scrutinise the methodological 
design of studies that showcase negative findings (Koren et al., 1989) and an 
inadequate acknowledgment of methodological variances that may influence the 
findings of studies displaying positive results (Thornton & Lee, 2000).  Although these 
factors are less likely to have influenced the publication bias observed in meta-analysis 
B (i.e. over half of studies displayed a lack of effect) this cannot be ruled out. However, 
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various other factors may also influence publication bias. The small sample of studies 
included across both meta-analyses also likely influenced these results, in particular 
heterogeneity (Felson, 1992; Thompson & Lee, 2000). The non-inclusion of 
unpublished studies is a prominent issue (Mosteller & Colditz, 1996), however, it is 
sometimes impossible to ascertain these studies. Moreover, non-published studies 
represent various methodological concerns associated with a lack of peer-review and 
thus qualms regarding their scientific rigour (Angell, 1989; Thompson & Lee, 2000). 
All studies with a primary aim of assessing CAF expectancies across sport, exercise 
and cognitive performance were included with the exception of two studies (Denson 
et al., 2012; Harrell & Juliano, 2009) that failed to meet the inclusion criteria e.g. the 
lack of a measurable performance outcome or a treatment representing CAF’s isolated 
psychological effect (e.g. told CAF/given PLA), respectively.  
Generally, following instances of significant publication bias, trim and fill methods may 
be utilised (Duval & Tweedie, 2000). These methods aim to first trim any studies that 
are causing funnel plot asymmetry so that the impact of publication bias may be 
minimised. Following this, missing studies are then accounted for via imputations that 
are based on the bias-corrected, overall estimate (Duval & Tweedie, 2000; Shi & Lin, 
2019). However, the premise for using trim and fill methods and the assumption that 
there should be a symmetric funnel plot has been scrutinised as the removal of real-
life studies and the imputation of data may be considered unsuitable (Peters et al., 
2007; Shi & Lin, 2019). Thus, consequent results should be taken with caution as it 
cannot be guaranteed that the adjusted intervention effect reliably represents the 
findings of studies with low levels of publication bias. This issue may have substantially 
affected these findings as the total number of real-life studies included across both 
meta-analyses was low. Thus, these methods were not utilised but instead the 
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aforementioned was noted as a limitation of the current meta-analyses. Moreover, with 
notion to meta-analysis B, this method is deemed inappropriate when substantial 
between-study heterogeneity has been identified as bias cannot be accurately 
identified/accounted for due to the variances across study designs (Peters et al., 2007; 
Terrin et al., 2003).   
3.6. General summary 
The ergogenic benefits associated with CAF appear to be driven by pharmacological 
mechanisms including adenosine receptor antagonism and augmented central 
nervous and peripheral tissue stimulation. However, generic CAF intervention studies 
fail to account for CAF’s potential psychological impact (e.g., changes in motivation, 
determination, belief, mood states, etc.) which are likely driven by expectancies for 
CAF ergogenicity. Indeed, the psychological permutations associated with CAF 
consumption represent significantly reduced risks to health states for some 
populations and have been observed to enhance various attributes that may facilitate 
improvements in soccer performance. The results of this systematic review and meta-
analysis  support the notion that CAF expectancies may significantly benefit sport and 
exercise performance and this benefit may also represent practical implications as 
highlighted by a moderate effect size following meta-analysis A (Berdi et al., 2011). In 
contrast, CAF expectancies do not appear to benefit cognitive performance, however, 
these findings may be attributed to a range of methodological limitations associated 
with a between-subjects design and the use of participants who did not appear to have 
any experience and/or interest in the performance measure employed. This 
experience and/or interest in the performance measure deployed may be important in 
facilitating efficacious beliefs for CAF ergogenicity. This is evidenced in meta-analysis 
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A, as all studies, with the exception of Tallis et al. (2016), used participants who had 
prior experience and therefore a possible interest in the performance measures 
assessed.  
No study (i.e. generic CAF intervention studies and/or studies with a primary aim of 
exploring CAF expectancies) has yet directly assessed the influence of CAF’s 
psychological permutations on games sports activities including soccer performance, 
or simultaneously utilised both the double-dissociation design and mixed methods 
approach. By utilising the double-dissociation design and mixed methods approach, 
CAF’s psychological and pharmacological impact may be more validly compared (i.e. 
this would permit conditions representing given CAF/told PLA versus given PLA/told 
CAF) and greater clarity with respect of the subjective mechanisms by which any 
benefits are exerted, may be revealed. Moreover, by utilising the within-subjects 
design and participants who have prior experience in the performance measures 
assessed, CAF expectancies are more likely to improve facets of cognitive 
performance. Accordingly, the aforementioned methodological considerations were 





Chapter 4. General methods 
An outline of the common experimental and explorative methods (i.e. used across both 
experimental chapters) used within this thesis are described in this chapter. More 
detail is provided within the relevant chapters including a more complete description 
of each individual study comprising of the tests used, checks made, procedural details 
and critique of the approach taken.  
4.1. Epistemology  
This section helps describe the epistemological framework that resonates throughout 
this thesis. Epistemology is the theory of knowledge and entails how and from which 
sources knowledge is obtained (McNamee & Morgan, 2015). McFee (2009) claims 
that high level research within sport and exercise science should be underpinned by 
a meticulous rationale for the methodological choices employed and this requires an 
understanding of the practicalities of research and the philosophical assumptions 
which underpin them. Indeed, if practitioners acknowledged the importance of an 
epistemological foundation during research this could aid components of the 
explorative process, including data collection, data analysis and research reflexivity 
(Grecic & Collins, 2013). Grecic and Collins (2013) imply that recognition (rather than 
a fixed identity) of one’s epistemological framework is necessary to enable greater 
critical reflection. Epistemological features of both positivism and interpretivism (figure 
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Figure 4.1. Diagrammatic representation of the epistemological framework utilised 
The fundamental premise for positivism comprises deduction whereby data is assessed 
objectively. This will often involve a research design which entails a clear and concise 
hypothesis with data collection and/or analysis relying largely upon statistical power, 
significance thresholds and effect sizes (Gray, 2014). Thus, positivist research involves 
quantitative research methods and generalisation of data findings.  
In contrast, interpretivism involves qualitative research methods and induction whereby 
data is explored subjectively. Gorman and MacIntosh (2015) suggest data are often 
influenced by the interpretation of both the participant and researcher and therefore cannot 
be generalised, which is in disparity to positivism. Thus, interpretivism is not objective but 
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is instead influenced by subjective beliefs in relation to the phenomenon under 
investigation.  
Table 4.1. Examples of strategies and methods associated with positivism and 
interpretivism during chapter 5.  
Epistemology Strategy Method Examples Section 
Positivism Deduction Quantitative Exercise capacity 5.5.1. 
Reaction Time 5.5.2. 
The Loughborough 
Soccer Passing Test 
5.5.3. 
Ratings of Perceived 
Exertion 
5.5.4. 
Heart rate 5.5.5. 
Blood variables 5.5.6. 




Interpretivism Induction Qualitative Researcher reflexivity 5.3.20. 
Template analysis of 
auditory Dictaphone logs 
5.6. 
Vandenbroucke (1998) suggests “facts and theories remain inextricably linked... At the 
cutting edge of scientific progress, where new ideas develop, we will never escape 
subjectivity.” Elstein (1979) implies subjectivity can be a strength in research; although 
science demands a critical attitude, elements of subjectivity including theoretical 
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commitments, expertise, and pre-existing understanding with respect of a 
phenomenon are important in making sound judgements and producing reliable 
knowledge.  
Examples of the strategies and methods that are related to the aforementioned 
epistemological approaches can be observed in each relevant chapter (sections 5.3 
and 6.3, respectively). A summary of the strategies and methods related to 
experimental study 1 (chapter 5) (The influence of CAF expectancies on simulated 
soccer performance in recreational individuals) can be observed in table 4.1 to aid 
reader understanding and greater clarify the epistemological foundations of 
experimental study 1.  
4.2. Mixed methods 
This thesis encompasses a mixed methods approach. The mixed methods design 
provided a substantial contribution to this programme of research and had substantial 
value in achieving the above aims and objectives by allowing corroboration of 
quantitative and qualitative research methods and triangulation of distinctly different 
yet complimentary data. Johnson et al. (2007, p.123) defines mixed methods as “the 
type of research in which a researcher or team of researchers combine elements of 
qualitative and quantitative research approaches (e.g., use of qualitative and 
quantitative viewpoints, data collection, analysis, inference techniques) for the broad 
purposes of breadth and depth of understanding and corroboration”. Indeed, mixed 
methods enables the formulation of greater breadth of knowledge when compared to 
quantitative or qualitative research methods, in isolation (Creswell & Piano Clark, 
2011; Creswell, 2014; Creswell, 2004). To expand on the corroborative benefits of 
mixed methods research, Greene et al. (1989) postulate mixed methods “seeks 
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elaboration, enhancement, illustration, clarification of the results from one method with 
the results from another” (Greene et al., 1989, p. 259). Thus, the results from one 
method can inform the other and holistically provide a more expansive enquiry into the 
phenomenon explored (Bryman, 2006). The mixed methods approach was 
fundamental in the current thesis during the conceptualisation of methodological 
design, data collection, research methods, data analysis, and data integration. 
There remains a severe under representation of the mixed methods design in the 
literature pertaining to the phenomenon of CAF expectancies on sport, exercise, and 
cognitive performance. The mixed methods design is fundamental to validly compare 
CAF’s psychological versus pharmacological impetus. Prior to this thesis, only two 
other studies (Beedie et al., 2006; Duncan et al., 2009) have implemented the mixed 
methods design. However, in contrast to the current thesis, these studies do not 
provide any detailed account of the qualitative methods used, nor do they provide 
evidence with respect of utilising an epistemological framework or implementing 
reflective practice(s). Indeed, implementation of these methods will improve the 
excellence of the qualitative process and the associated findings (Kaptchuk, 2003).  
As per Johnson and Onwuegbuzie (2004), to evolve the mixed methods process, the 
purpose, characteristics, strengths, and limitations of quantitative and qualitative 
research methods were considered prior to the integration of data. In reutterance of 
section 3.1, epistemological features of positivism (i.e. deduction of data, hypothesis 
testing, statistical analysis etc.) and interpretivism (i.e. induction of data, subjective 
exploration of beliefs and/or experiences etc.) are observed across quantitative and 
qualitative research methods, respectively. An understanding of the strengths and 
limitations of quantitative and qualitative research methods also permitted greater 
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appreciation regarding how each method may strengthen the other (Johnson & Turner, 
2003). For further details here, please see Johnson & Onwuegbuzie, (2004, p. 19 – 
20).  To minimise the influence of interpretive bias which can result in systematic errors 
including unreliable findings that are driven by a conscious and/or subconscious bias 
(Kaptchuk, 2003) reflective measures were adopted within the current thesis (section 
5.3.20) to heighten an awareness of the practitioners own pre-conceived ideologies 
and the potential influence these may have during qualitative exploration. This is 
another novelty and strength of the current thesis as this likely improved the quality of 
the qualitative process and evolved the mixed methods process. 
Mixed methods typically entail the implementation of discrete quantitative and 
qualitative research methods. However, the mixed methods design necessitates the 
integration of data (Onwuegbuzie & Johnson, 2004). Integration of data within the 
current body of research can be observed in chapter 5 (section 5.7), during the 
discussion section whereby data was reported and interpreted (Mertens, 2003). With 
respect of Onwuegbuzie and Teddlie's (2003) seven stage conceptualisation of the 
mixed methods data analysis process, integration within the current thesis first entailed 
data correlation, consolidation, and comparison.  
Mixed methods provide ‘a voice’ to participants and ensure that subsequent findings 
are grounded in the experiences of participants (Wisdom et al., 2013). Thus, to 
effectively employ mixed methods, individual responses with respect of quantitative 
and qualitative research methods are reported. This also assisted in triangulating data 
and provided greater breadth and depth when exploring inter-individual experiences 
associated with the phenomenon of CAF expectancies. To ensure anonymity of 
findings, all individual data is reported using pseudonyms.  
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4.3. University ethics approval 
Ethical approval was applied for and obtained in line with the University of Derby’s 
rules and regulations, prior to each study. Participant data was collected, stored and 
disposed of under university guidelines. Collected data was only accessed by the 
research team, whilst participants identity was protected by the use of pseudonyms. 
Initially, participants were emailed (experimental study 1 (chapter 5)) an information 
sheet (PIS) (Appendix 9.1) and/or verbally informed (Appendix 9.2) experimental study 
2 (chapter 6) of the: purpose of the proposed research, eligibility criteria, the protocols 
adopted, risks involved, and the rights and responsibilities of all individuals involved 
across each study. Due to the deceptive nature of experimental study 1 (chapter 5), 
the information relayed within PIS suggested that only active CAF was assessed. The 
PLA effect and expectancies for CAF ergogenicity were not mentioned as this could 
have compromised the integrity of the study’s true purpose. However, following 
completion of data collection, this deception was revealed, and participants were 
provided a full written and, if required, verbal debrief. All eligible volunteers were 
required to complete and sign an informed consent form. In the instance of 
experimental study 2 (chapter 6), informed consent was provided via a tick box found 
on the first page of baseline measures. Participants were entitled to withdraw from the 
study at any point but not after data had been disseminated.   
4.4. Brunel mood scale (BRUMS)  
The Brunel Mood Scale (Terry et al., 2003; Appendix 9.3) assessed participant mood 
states across both experimental chapters. The BRUMS consists of 24 items equally 
arranged into six subscales (anger, confusion, depression, fatigue, tension, and 
79 
 
vigour) and took approximately 1-2 minutes to complete. A more detailed summary of 
this measure can be found in sections 5.3.13. and 6.3.7. 
4.5. Statistical analysis  
Quantitative statistical analysis was completed using SPSS (v25, IBM Corp, Armonk, 
New York, USA). Prior to choosing the appropriate parametric test (i.e. t-tests, 1 or 2-
way repeated measures ANOVA) normality and homogeneity of variance/sphericity 
(Shapiro-Wilk and Mauchly tests, respectively) were checked. If sphericity was 
violated or data was non-normally distributed, degrees of freedom were corrected 
using Greenhouse-Geisser or Huynh-Feldt values (Field, 2005) or the non-parametric 
equivalent for each test was selected (e.g. Wilcoxon, Kruskal-Wallis, Friedman etc.) 
to minimise any statistical error (Field, 2005). When exploring confidence intervals, 
least significant difference (LSD) (none) was preferred over Bonferroni corrections to 
minimise the potential of missing meaningful effects. The Bonferroni correction aims 
to reduce the chance of type 1 errors but consequently increases the chance of type 
2 errors (Armstrong, 2014; Streiner & Norman, 2011) and is therefore regarded a 
conservative approach that is better suited to experiments that have no hypothesis, or 
aim to confirm a null hypothesis (Armstrong, 2014). For ANOVA main effects and 
interactions, the effect size (ES) is reported as the partial η2 value. Otherwise, the ES 
(Cohen’s d) was calculated using the difference in means divided by the pooled SD of 
the compared values for normally distributed data (Nakagawa & Cuthill, 2007), and Z 
/ √ n for non-normally distributed data (Ivarsson et al., 2013). According to Cohen 
(1992) ES may be categorised using the following thresholds: Small effect size: 0.1 – 
0.3; moderate effect size: 0.3 – 0.5; large effect size: 0.5 – 1.0. Data is presented as 
mean ± standard deviation unless otherwise stated. The statistical threshold was set 
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at P ≤ 0.05. Where applicable, exact P values are presented (Higgins et al., 2014; 
Higgins et al., 2016).  
4.6. Qualitative exploration  
Qualitative exploration of subjective monologues (e.g. Dictaphone logs encompassing 
individualistic experiences across experimental trials) pertaining to experimental study 
1 (chapter 5) was completed via Template analysis (Brooks et al., 2015). Template 
analysis provides flexible use of theoretical underpinnings from both content analysis 
(Weber, 1985) and grounded theory (Galser & Strauss, 1967). Content analysis 
involves the use of pre-defined codes and/or themes that are usually construed from 
pre-existing knowledge. In contrast, grounded theory encourages an open-minded 
approach to assist in identification of novel codes and/or themes.  
To facilitate template analysis, each Dictaphone log was first transcribed and then 
explored thematically. Once a list of codes had been compiled for each participant, 
these were linked/and or differentiated to create themes. Thus, data was explored 
specifically prior to the compiling of more generalised outcomes. A more detailed 






Chapter 5. The influence of caffeine expectancies on simulated 
soccer performance in recreational individuals 
The following chapter provides a significant contribution to the aforesaid gap in current 
literature by exploring the influence of CAF’s psychological permutations on simulated 
soccer performance and perceptual states via utilisation of the double-dissociation 
design and mixed methods approach.  
5.1. Abstract 
Introduction: CAF has been observed to improve numerous facets associated with 
successful soccer performance including gross motor skill, cognitions, and endurance 
capacity. However, studies assessing CAF’s overall effects on soccer performance 
are scarce, with none accounting for CAF’s potential psychological impact. 
Aims/objectives: This study aimed to evaluate CAF’s pharmacological versus 
psychological influence on various aspects of simulated soccer performance and 
perceptual states. It was hypothesised in comparison to a placebo (i.e., given 
placebo/told placebo), synergism of CAF psychology and pharmacology would 
instigate the greatest benefit on all facets of simulated soccer performance, although 
when isolated, CAF psychology would prove of greater efficacy versus CAF 
pharmacology and any improvements would be driven by enhanced perceptions. 
Methods: Utilising the double-dissociation design, eight, male, recreational soccer 
players (age: 22 ± 5 years, body mass: 78 ± 16 kg), height: 178 ± 6 cm; maximum 
oxygen uptake (VO2MAX) 48.85 ± 3.42 ml.min.kg) consumed CAF (3 mg/kg/body mass) 
or placebo (PLA) capsules, 60 minutes prior to performing the LIST interspersed with 
collection of RPE, blood glucose (BG) and lactate (BLa), heart rate (HR) and 
performing the LSPT. Reaction time via BATAK was assessed pre and post, and 
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exercise capacity (TLIM) post, time matched LIST. Statistical analysis was performed 
using IBM SPSS (v24) whilst subjective perceptions were explored via template 
analysis. Results: Mean TLIM was greatest (p>0.001) for synergism (given CAF/told 
CAF) (672 ± 132 s) versus placebo (given PLA/told PLA) (533 ± 79 s). Though, in 
isolation, TLIM was greater (p=0.012) for CAF psychology (given PLA/told CAF) (623 ± 
117 s) versus pharmacology (given CAF/told PLA) (578 ± 99 s), potentially via reduced 
RPE. Although BATAK performance was greater (p=0.024) post-ingestion (5 hits) and 
post-exercise (7 hits) for pharmacology versus placebo, psychology and synergism 
improved (2 s) the time taken to complete the LSPT versus pharmacology. 
Discussion/conclusion: Interestingly, positive perceptions during psychology inhibited 
LSPT and BATAK performance via potential CAF over-reliance, with the opposite 
occurring following negative perceptions. The benefits associated with CAF 
expectancies may better suit tasks that entail lesser cognitive/skill specific attributes 
but greater gross motor function and this is likely due to reduced RPE. In isolation, 
these effects appear greater versus CAF pharmacology. However, an additive benefit 
may be observed after combining expectancy with CAF pharmacology (i.e. 
synergism).  
5.2. Introduction 
The accumulation of physical (i.e. reductions in muscle force production primarily due 
to hydrogen ion accumulation) and/or cognitive fatigue (i.e. decrement in 
concentration, alertness, awareness and/or decision making) has been observed to 
reduce the total distance ran and number of high intensity sprints, whilst increasing 
the prevalence of errors leading to goals conceded, during the second versus first half 
of soccer games (Alberti et al., 2013; Mohr et al., 2007; Reilly & Thomas, 1976; Stolen 
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et al., 2005; Van Gool et al., 1988; Vescovi & Favero, 2014). Van Gool et al. (1988) 
observed ~ 444 m reductions in the total distance ran during the second versus first 
half of soccer games across 7 University soccer players. Comparatively, Vescovi and 
Favero (2014) found 113 collegiate athletes ran ~ 260 m less between the same time 
points, with reductions in low (- 174 m) (8.1 – 12 kph), moderate (- 70 m) (12 – 15 kph) 
and high (- 16 m) (15.6 – 20 kph) intensity running bouts. Mohr et al. (2003) reported 
reductions in the total distance covered by sprinting between minutes 75-90 versus 0-
15 (130 m), 15-30 (100 m), 40-45 and 45-60 (110 m), across 42 elite soccer players. 
Furthermore, only 1 player displayed their most intense period of play (i.e. 
characterised by the frequency of sprints performed) during min 75-90 with 
approximately 17 displaying their least. In contrast, 19 players displayed their most 
intense period of play during min 0-15, with none displaying their least intense period 
of play.  
Associatively, the majority of goals conceded are also within the latter stages of halves 
(Alberti et al., 2013), specifically, between min 30-45 (18%) and 75-90 (23%) whereby 
physical and/or cognitive fatigue has likely peaked. In contrast, the least goals are 
conceded within min 0-15 (12%) and 45-60 (16%) whereby physical and/or cognitive 
fatigue is at its lowest, or has been somewhat replenished during the half-time interval, 
respectively. Thus, to supress physical and/or cognitive fatigue and potentially 
enhance soccer performance, soccer players often consume CAF prior to and/or 
during games (Del Coso et al., 2012). However, as previously outlined, studies 
assessing the influence of CAF on soccer performance remain scarce with none 
accounting for CAF’s potential psychological impact which is likely driven by 
expectancies. Yet, expectancies have been found to enhance attributes that may 
facilitate improvements in soccer performance, including endurance capacity (Brietzke 
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et al., 2017; Pires et al., 2018; Saunders et al., 2017; Foad et al., 2008), lower limb 
strength/power output (Beedie et al., 2006; Duncan et al., 2009; Foad et al., 2008; 
Pollo et al., 2008; Saunders et al., 2017), concentration (Dawkins et al., 2011), 
memory (Oei and Hartley, 2005) and attentional focus (Fillmore & Vogel-Sprott, 1992).  
Expectancies could also ameliorate the quality of exercise recovery, training and 
preparation for sports competitions which may be impaired following CAF consumption 
prior to late evening games due to changes in melatonin production, molecular 
oscillations and sleep quality (Burke et al., 2015). The aforementioned would also 
benefit soccer coaches when planning training sessions after accounting for variances 
in physical/mental recovery which would be aided by enhanced sleep quality. 
Moreover, soccer players who regularly consume CAF (i.e. those who consume CAF 
prior to training and/or soccer matches across the course of a season) may experience 
a reduced pharmacological effect due to CAF habituation and expectancies could 
represent an alternate solution as opposed to increasing the dosage of CAF 
consumed. Indeed, for some individuals’ higher CAF dosages may induce debilitative 
side effects (e.g. tremors, hypertension, tachycardia etc.) potentially overriding CAF’s 
ergogenic properties (Graham & Spriet, 1995). Furthermore, CAF supplementation in 
recreational sport is commonly achieved via off the shelf products (e.g. coffee, energy 
drinks etc.) many of which entail low CAF doses (likely lower than 3 mg/kg/BM in most 
cases), thus CAF induced benefits here may already originate from expectancy rather 
than pharmacology.  
Therefore, the novelty and purpose of this study was to explore CAF’s 
pharmacological versus psychological influence on measures of simulated soccer 
performance (e.g. BATAK , LSPT and TLIM) and perceptual states (e.g. mood, beliefs, 
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exertion etc.) prior to, during and following performance of the LIST (Nicholas et al., 
2000). The aforementioned was achieved through implementation of the double-
dissociation, mixed methods design. It was hypothesised that the synergistic 
properties of CAF psychology and pharmacology would result in the greatest benefits 
to all facets of simulated soccer performance and perceptual states versus placebo 
(i.e. given PLA/told PLA). However, when isolated, CAF psychology would prove more 
efficacious versus CAF pharmacology and any improvements would be driven by 
enhanced perceptions.   
5.3. Methods 
5.3.1 Participants 
Participants were required to be healthy, non-smoking, recreationally active 
individuals, between 18 – 40 years old to minimise the biological discrepancies 
associated with growth and aging (e.g. the degradation of bone mineral density, 
muscle tissue and/or central nervous function, gait impairment etc.) (Bemben, 1999; 
Boss & Seegmiller, 1981; Higgins et al., 2014; Woo et al., 1995). Eight healthy, 
recreational male soccer players (age: 22 ± 5 years, body mass: 78 ± 16 kg, height: 
178 ± 6 cm; VO2MAX: 48.8d5 ± 3.42 ml.min.kg) volunteered for this study. This sample 
size is similar to previous studies exploring the influence of CAF expectancies on 
sport, exercise, and cognitive performance (Beedie et al., 2006; Elliman et al., 2010). 
Recreational participation was defined as involvement in soccer specific activities (e.g. 
5, 8 and/or 11 aside soccer games) at an amateur standard for 1.5 hours per week, 




5.3.2 Pre-experimental procedures  
Participants completed physical activity readiness (PAR-Q) and blood screening 
questionnaires prior to participation. Physical activity readiness questionnaires were 
completed to ensure participants continuous wellbeing and to avoid the possibility of 
health concerns confounding experimental outcomes. Blood screening questionnaires 
were used to assess if participants were suffering from jaundice or any other serious 
blood infection which may have put either the participant or researcher at risk. 
Participants were required to avoid strenuous exercise and alcohol for 24 hours, and 
CAF for 12 hours, prior to all exercise trials. All participants verbally confirmed that 
they were not using ergogenic aids at the onset of this study and were prohibited to 
do so during participation. Participants attended trials 2 hours post-prandial and were 
asked to maintain the same diet 24 hours prior. This was recorded via self-reported 
food diaries and checked verbally and visually before each trial. To avoid the 
confounding influence of changes in macronutrient and/or energy availability, 
significant importance was placed on consuming the same meal prior to each session. 
Dependant on the time of trials, an ideal breakfast/lunch plan was outlined within PIS 
to assist participants replicating their diet. Subsequently, all participants replicated 
their dietary intake prior to each trial. Water intake was measured during the second 
familiarisation session and replicated during all experimental trials. Each participants’ 
trials commenced at the same time of day to avoid the influence of circadian changes 
on exercise performance (Fernandes et al., 2014).  
5.3.3. Study design 
This study entailed a within-subjects, counterbalanced, double-dissociation (section 
2.6), mixed methods (section 2.7), double-blind design. By utilising the double-
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dissociation design and mixed methods approach, CAF’s psychological and 
pharmacological impact were more validly compared (i.e. this design permitted 
conditions representing given CAF/told PLA versus given PLA/told CAF) and greater 
clarity with respect of the subjective mechanisms by which any benefits were exerted 
could be revealed (i.e. mixed methods provide a link between quantitative and 
qualitative research methods and allows for triangulation of distinctly different yet 
complimentary data, thus, epistemological features of both positivism and 
interpretivism were utilised). Participants visited the laboratory on six separate 
occasions. The first visit involved a graded incremental exercise test (section 5.3.4) 
(Strasbourg, 1983) to ascertain VO2MAX (i.e. to inform running speeds used during the 
LIST) and brief familiarisation of the main protocols adopted. Consequent visits 
entailed a full familiarisation (T2) and experimental trials (T3 – T6). Experimental trials 
lasted approximately 4 hours with the majority (93.7%) separated by 72 hours 
recovery. However, due to logistical, financial and time constraints, two trials (6.3%) 
were separated by 48 hours recovery. The LSPT (section 5.3.11), BATAK (section 
5.3.12) and TLIM (LIST part B) (section 5.3.16) were adopted as performance criteria, 
as these involve assessment of soccer specific skill, as well as cognitive and physical 
capabilities. Moreover, TLIM is commonly adopted to assess endurance capacity when 
evaluating ergogenic aids (Hill et al., 2007; Sale et al., 2012; Saunders et al., 2011). 
The LIST (part A) (section 5.3.16) was chosen due to its metabolic relevance to soccer 
performance. All exercise was performed on a tarmac gymnasium surface.  
5.3.4. Twenty Metre Progressive Shuttle Run Test 
The 20 m progressive shuttle run test (Strasbourg, 1983) was similar to that used in 
Nicholas et al. (2000). Initially, participant anthropometry, e.g. height (cm) and weight 
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(kg) was recorded (section 5.3.7). Following 5 min seated rest, HR (section 5.3.9) was 
recorded and a finger prick capillary blood sample was taken (section 5.3.10) to later 
assess (BG) and (BLa) concentrations. The test was controlled by auditory ‘beeps’ 
using a Bleep Test app (Treadmill Bleep Test: 20M Bleep Test; Version 2.1; developer: 
Adam Howard, 2016) on a smart phone device, which was connected to a portable 
speaker. Prior to exercise, the volume of the speaker was tested to ensure participants 
could clearly hear the beeps. Participants were instructed to complete each 20 m 
interval before the subsequent beep and to pace themselves accordingly to achieve 
the best score possible. The test commenced at 8 kph and increased by 1 kph after 
the first minute, all subsequent 1-minute intervals were proceeded by a 0.5 kph 
increase in speed. This change in speed was described as a change in level. 
Participants were required to run until volitional exhaustion. Volitional exhaustion was 
defined as an inability to reach two consecutive cones in the allotted time, or via 
voluntary stoppage. To stimulate maximum effort, participants were provided 
consistent verbal encouragement. Upon completion, the stage and shuttle number, 
HR, (BLa), (BG), and ratings of perceived exertion (RPE) (section 5.3.17) were 
recorded. Maximal oxygen uptake (VO2MAX) was calculated in accordance with the 
table of contents for predicted VO2MAX, as per Strasbourg (1983). With the exception 
of walking and sprinting which were manually recorded via a stopwatch, this score 
informed running speeds (55% and 95% VO2MAX) later used during the LIST. If VO2 
corresponding to 55% and/or 95% VO2MAX was the difference between two exercise 
gradations, a calculation was performed to correlate running speeds (see the example 
below). 
- Jack = VO2MAX = 49.60 ml·min·kg 
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- Corresponding VO2 (55 %) = 27.28 ml·min·kg 
- Gradation 1 = 16.2 ml·min·kg 
- Gradation 2 = 29.2 ml·min·kg 
- VO2 difference between gradations 1 and 2 = 13 ml·min·kg 
- 60 seconds / split time (9 s) = 7 shuttles before next stage 
- VO2 per shuttle = 13/7 = 1.86 ml·min·kg 
- VO2 difference until the next stage = 29.2 – 27.28 = 1.92 ml·min·kg 
- Approximate 1 shuttle change in VO2 before next split time 
- Running speed difference between gradations 1 and 2 = 1 kph 
- Predicted change in running speed between gradations = 1 kph / 7 = 0.14 kph 
per shuttle 
- 0.14 x 6 = 0.84 kph 
- Final running speed = 8.84 kph 
- Running speed = m/min = 147.66 
- Running speed = m/second = 2.46 





5.3.5. Familiarisation session 1  
In accordance with Nicholas et al. (2000), following 45 min seated rest, a brief 
familiarisation of the main experimental protocols adopted was performed. 
Participants completed familiarisation and a baseline session measuring BATAK 
before performing the LSPT. Two consecutive 15 min bouts of LIST were then 
performed, with each bout followed by recording RPEO, HR, (BLa), (BG) and LSPT, 
prior to 3 min rest (N.B. bouts of LIST across all trials were followed by similar 
measurements). Following completion of both LIST bouts, a second session 
measuring BATAK was performed before participants left the laboratory.  
5.3.6. Familiarisation session 2 and experimental trials 
An outline of the main methodological practices implemented during full familiarisation 
(T2) and experimental trials (T3 – T6) can be observed in figure 5.1. Following 5 min 
seated rest, HR, and a blood sample measuring (BLa) and (BG) concentrations was 
taken. Mood states were explored via the BRUMS (section 5.3.13) before participants 
performed the LSPT and familiarisation and a baseline session measuring BATAK 
.This was followed by administration of 1 / 4 treatments (section 5.3.14) and the 
associated manuscript/video (sections 5.3.15). Following a 60 min ingestion period, 
all measures recorded at baseline were reassessed. Individuals then rested for 3 min 
before performing 3 bouts of LIST with all associated measures (as outlined in section 
5.3.5) subsequently recorded. A 15 min break replicating the half-time interval during 
soccer games was implemented prior to LIST bouts 4 and 5, which was followed by 
part B of the LIST. All associated measures following LIST were recorded for a final 
time, as were BATAK and BRUMS.  
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During the full familiarisation session water intake was measured and replicated during 
experimental trials. Furthermore, to explore habituated CAF expectancies and any 
between-trial changes here, participants completed the caffeine expectancies 
questionnaire (Huntley and Juliano, 2012; CaffEQ) (section 5.3.8) at the start of the 
full familiarisation and experimental trials 1 and 3. Moreover, using a Dictaphone 
(section 5.3.18), participants recorded a short verbal description of their experiences 
at the end of experimental trials 2 and 4, which was explored by template analysis 




Figure 5.1. Experimental protocol outline for trials 2 – 6 
Time point Baseline Ingestion period Post-ingestion LIST bouts 1 - 
3 
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5.3.7. Anthropometry  
Height was measured using a stadiometer (Model 225, Seca, Hamburg, Germany) 
and body mass by digital floor standing scales (Model 761, Seca, Hamburg, 
Germany). Participants were measured wearing light clothes and without shoes on.  
5.3.8. The Caffeine Expectancies Questionnaire (CaffEQ) 
The CaffEQ (Huntley & Juliano, 2012) is a 47-item self-report measure which 
assesses habituated expectancies across a range of subscales related to CAF 
expectancies, including: withdrawal/dependence, energy/work enhancement, 
social/mood enhancement, appetite suppression, physical performance 
enhancement, anxiety/negative physical effects, and sleep disturbances (Appendix 
9.4). The CaffEQ involved choosing a vehicle that best described individuals most 
commonly used CAF source(s). If participants were naive to CAF use, they were 
advised to complete the CAFFEQ based on their expectancies. Each item was 
evaluated on a subscale of ‘very unlikely’ – ‘very likely’ with each rating ascribed a 
numerical value (0 = very unlikely, 1 = unlikely, 2 = a little unlikely, 3 = a little likely, 4 
= likely, 5 = very likely) which was later used to provide a score for each corresponding 
sub scale. The sum of responses was divided by the total number of items for each 
subscale to provide a score that ranged from 0 to 5 (table 5.1). The CaffEQ represents 
good internal consistency (.88 - .96) and construct validity (.80 - .94) (Huntley & 
Juliano, 2012).  
Table 5.1. Caffeine expectancy questionnaire (CaffEQ) subscales and 
corresponding values for analysis 
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5.3.9. Heart rate  
Heart rate was telemetrically recorded using a polar HR monitor (Polar H7, Kempele, 
Finland). This method uses an electrocardiogram (ECG) with HR displayed on an 
analogue display watch. All baseline data was measured following 5-minute seated 
rest. All other measurements were recorded at pre-selected time-points 
during/following exercise performance.  
5.3.10. Blood sampling  
Blood was collected by means of finger-prick capillary samples to assess (BG) and 
(BLa) concentrations. Initially, a pair of disposable nitrile gloves (Praetorian, Praetorian 
Disposable Products Ltd, Malaysia) and an apron were worn. The finger was cleansed 
with an alcohol free Stero wipe (Steroplast, England) before being dried with a paper 
tissue (H3, Tork Universal, USA). A small incision situated around the fingertip was 
then made using a single use lancet (Accuchek Safe-T-Pro Plus, Roche diagnostics, 
The items in each subscale were as follows: 
Withdrawal/Dependence: (8 + 10 + 13 + 15 + 24 + 27 + 30 + 33 + 35 + 37 + 40 + 44) / 12 
Energy/Work Enhancement: (1 + 6 + 16 + 20 + 22 + 31 + 41+ 45) / 8 
Social/Mood Enhancement: (2 + 9 + 17 + 23 + 32 + 42) / 6 
Appetite Suppression: (3 + 7 + 26 + 39 + 46) / 5 
Physical Performance Enhancements: (5 + 12 + 43) / 3 
Anxiety/Negative Physical Effects: (4 + 11 + 14 + 19 + 21 + 25 + 29 + 34 + 36) / 9 
Sleep Disturbance: (18 + 28 + 38 + 47) / 4 
95 
 
Switzerland). The initial blood was wiped away before subsequent blood was drawn 
into a 20 μl sodium heparinised capillary tube (EKF diagnostics, Denmark). This was 
then added to a 1 ml Eppendorf tube and mixed well before being placed into the 
Biosen C-Line (EKF diagnostics, Denmark) for analysis.  
The Biosen-C line utilises an enzymatic-amperometric method of blood analysis using 
chip-sensor technology with a measurement range of 0.5–50 mmol/L (9–900 mg/dL) 
for (BG) and 0.5–40 mmol/L (5–360 mg/dL) for (BLa).  To ensure reliable analysis of 
blood samples, the Biosen-C line was calibrated alongside the use of known sampling 
concentrations which were provided by the manufacturer. Successful calibration 
provides an imprecision rate of approximately CV ≤1.5 %. Results were provided 
within 20-45 seconds of analysis.  
5.3.11. The Loughborough Soccer Passing Test (LSPT)  
The LPST was used to assess soccer skill proficiency and was similar to that used in 
McGregor et al., (1999). The LSPT involved 16 passes made from a central zone to 
four targets placed 4.5 m or 6 m away (figure 5.2). For identification purposes, targets 
were coded with a visibly distinct letter (ranging from A – D). To ensure 
standardisation, the same sequences of targets were used during each trial (e.g. the 
sequences used during trial 3 were the same, but unique versus trials 4 – 6). and these 
were called out verbally in blocks of 4. This was particularly important as targets A and 
C were placed 6 m from the central zone and were considered more challenging 
versus targets B and D which were placed 4.5 m away. The LSPT was judged on four 
criterion measures: total time taken to complete the test, successful passes, minor 
errors, and major errors. Minor and major errors also resulted in additional penalty 
seconds (2 and 5 s, respectively) accrued to the total time taken to complete the test. 
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Minor errors were defined as missing the targets, venturing from the outer zone (2.5 
m by 4 m zone), or hitting one of the cones used to construct this zone, following a 









Figure 5.2. Diagrammatic representation of the LSPT (McGregor, 1999). 
5.3.12. BATAK 
BATAK is considered an important component across various soccer skills (e.g. 
tackling, dribbling, shooting etc.) and was assessed using the BATAK Pro (Quotronics 
Limited, Surrey, United Kingdom). The BATAK pro features twelve visual LED targets 
which are numbered and arranged (2.0 m wide X 1.0m deep X 2.0 m high) to assess 
reaction time, BATAK was used and is controlled by a microcomputer. Individuals were 
required to hit as many randomly illuminated targets as possible, within 60 seconds 
(s). The BATAK Pro provided automated verbal instructions across the test as 
appropriate (e.g. "Get Ready"..."Go” ..."Time Out"... etc.). The total score was 
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displayed on a central liquid crystal display (LCD) unit which was kept covered to 
maintain anonymity from participants but was briefly uncovered by the researcher to 
log scores. There is currently no familiarisation data regarding the BATAK Pro, 
therefore a comparable protocol to the Sport Vision Trainer which is validated in 
assessment of reliability and repeatability pertaining to hand eye co-ordination was 
adopted (Ellison et al., 2014). The mean deviation in BATAK scores were within ~ 1-2 
hits across all experimental trials indicating all participants were appropriately 
familiarised. Experimental data is reported as the average of 2 x 60 s attempts (defined 
as one session), with each attempt separated by 1 minute of seated recovery.  
5.3.13. The Brunel Mood Scale 
The Brunel Mood Scale (Terry et al., 2003; Table 5.2; Appendix 9.3) assessed 
participant mood states across both experimental chapters. The BRUMS consists of 
24 items equally arranged into six subscales (anger, confusion, depression, fatigue, 
tension, and vigour) and took approximately 1-2 minutes to complete. Participants 
were required to rate each item on a subscale of ‘not at all’ – ‘extremely’ with each 
rating entailing a corresponding numerical, arbitrary unit (0 = not at all, 1 = a little, 2 = 
moderately, 3 = quite a bit, 4 = extremely). The sum of responses for each subscale 
was subsequently divided by 4 to provide a final score. Participants were instructed to 
base their responses on how they felt at each point BRUMS was administered. The 
BRUMS has high reliability and validity (Terry et al., 2003). 
To improve the reliability of responses, the purpose and use of all perceptual 
measures employed within this thesis were explained and demonstrated to 
participants (Noble & Roberton, 1996). The objective here was to enhance subjective 
familiarity to the perceptual measures employed so the influence of learning effects 
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was minimised prior to experimental data collection. To assist in achieving this 
objective, these measures were also implemented across all familiarisation sessions.  
5.3.14. Treatment  
Treatments involved oral consumption of visually identical PLA and/or CAF (3 
mg/kg/BM) capsules which were consumed within 5 min of a 60 min seated ingestion 
period, where participants rested quietly in a semi-supine position. The lowest typical 
ergogenic dosage of CAF (Pickering & Kiely, 2018) was adopted as Goldstein et al. 
(2010) observed no additional benefit on sport performance between low-moderate (3 
- 6 mg/kg/BM) versus high dosages (> 9 mg/kg/BM). Furthermore, for some 
individuals’ higher dosages may override CAF’s ergogenic effects due to the 
Table 5.2. The Brunel mood scale (BRUMS) subscales and corresponding 
questions  
The items in each subscale were as follows: 
Anger:  annoyed, bitter, angry, bad tempered (7, 11, 19, 22) 
Confusion:  confused, mixed up, muddled, uncertain (3, 9, 17, 24) 
Depression: depressed, downhearted, unhappy, miserable (5, 6, 12, 16) 
Fatigue:  worn out, exhausted, sleepy, tired (4, 8, 10, 21) 
Tension:  panicky, anxious, worried, nervous (1, 13, 14, 18) 
Vigour: lively, energetic, active, alert (2, 15, 20, 23) 
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accumulation of debilitative side effects (e.g. tremors, hypertension, tachycardia etc.) 
(Graham & Spriet, 1995). Moreover, capsules were chosen over coffee, as coffee 
contains a greater prevalence of indistinguishable compounds that could have 
influenced outcome measures (Graham et al., 1998; Paulis et al., 2002).Treatments 
were always administered by a member of the technical support team (as were 
manuscripts/videos, 5.3.15) who was otherwise uninvolved during data collection. 
Four treatments were administered during this study: 1.) placebo (given PLA/told PLA) 
2.) synergism (given CAF/told CAF), 3.) pharmacology (given CAF/told PLA) and 4.) 
psychology (given PLA/told CAF). 
5.3.15. Manuscripts/videos  
To facilitate expectancies for CAF ergogenicity a manuscript (Appendix 9.5) and brief 
video (https://www.youtube.com/watch?v=YuJOhpNS0IY – stopped at 1 minute 29 
seconds) highlighting CAF’s benefits on exercise performance were used for told CAF 
conditions. Contrastingly, the manuscript used during told PLA conditions was 
designed to invoke a neutral effect (Appendix 9.6), whilst the video 
(https://www.youtube.com/watch?v=VHOvoO-6nWQ) was standardised to have 
minimal impact on perceptual states, or influence information relayed during told CAF 
conditions. These manuscripts/videos were re-administered within the first 5 minutes 
of the half-time interval.  
5.3.16. The Loughborough Intermittent Shuttle Test (LIST) 
The LIST (Nicholas et al., 2000) was used to simulate the metabolic demands 
associated with a 90-minute soccer game and consisted of two parts. Part A involved 
5 x 15-minute exercise bouts (i.e. repeated sequences involving: 3 x walking, 1 x 
sprint, 3 x running at 55% and 3 x running at 95%, VO2MAX) performed across 20m 
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intervals and was controlled using a LIST sequencer software package (Nottingham 
Trent University, Nottingham, Clifton, England). A 15-minute break replicating the half-
time interval of soccer games was implemented between LIST bouts 3 and 4. 
Following completion of part A, part B (TLIM) involved 20 m running bouts at 55% and 
95% VO2MAX until volitional exhaustion. To stimulate maximum effort, participants were 
provided consistent verbal encouragement. Part B was controlled manually using an 
online tone generator (http://www.szynalski.com/tone-generator/). 
5.3.17. Ratings of Perceived Exertion (RPE) 
The 15-point (6–20) category Borg scale (Borg, 1982) was used to assess perceptions 
of cardiovascular fatigue (Robertson et al., 1986). Following all bouts of exercise, 
participants were instructed to look closely at the Borg scale and choose a number 
from 6 – 20 which best represented their perceived level of exertion. Six represented 
no exertion at all and 20 represented a maximum ‘all out’ effort. Corresponding to 
numerical values, the Borg scale included a few words to help participants further 
understand what each rating represented (7 = ‘extremely light’; 17 = ‘extremely hard’ 
etc.). These ratings are typically deemed to have a linear relationship with workload, 
VO2, and HR (Borg 1982).  
5.3.18. Dictaphone  
Using a standardised neutral script (Appendix 9.7), participants were encouraged to 
record a verbal description (lasting up to 5 min) comparing their experiences at the 
end of experimental trials 2 and 4. Information reminding what perceived treatment 
participants had consumed was provided within an A4 sheet of paper which was folded 
to uphold confidentiality from the researcher (Appendix 9.8). Specific importance was 
placed on individuals remaining honest and there being no right/wrong answer(s). 
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Participants were instructed to only commence recording once they understood what 
was expected from them and not to share any information with the research team. 
Participants were then informed how to navigate the Dictaphone and provided an 
opportunity to ask any questions before being left alone for recording to commence. A 
member of the technical support team who was uninvolved during data collection later 
collected the Dictaphone and uploaded each recording to a private and password 
protected computer. These recordings were only made available to the researcher 
following completion of data collection.  
5.3.19. Statistical analysis  
Quantitative statistical analysis was completed using SPSS (v25, IBM Corp, Armonk, 
New York, USA). Prior to choosing the appropriate parametric test (i.e. t-tests, 1 or 2-
way repeated measures ANOVA) normality and homogeneity of variance/sphericity 
(Shapiro-Wilk and Mauchly tests, respectively) were checked. If sphericity was 
violated or data was non-normally distributed, degrees of freedom were corrected 
using Greenhouse-Geisser or Huynh-Feldt values (Field, 2005) or the non-parametric 
equivalent for each test was selected (e.g. Wilcoxon, Kruskal-Wallis, Friedman etc.) 
to minimise any statistical error (Field, 2005). When exploring confidence intervals, 
least significant difference (LSD) (none) was preferred over Bonferroni corrections to 
minimise the potential of missing meaningful effects. The Bonferroni correction aims 
to reduce the chance of type 1 errors but consequently increases the chance of type 
2 errors (Armstrong, 2014; Streiner & Norman, 2011) and is therefore regarded a 
conservative approach that is better suited to experiments that have no hypothesis, or 
aim to confirm a null hypothesis (Armstrong, 2014). For ANOVA main effects and 
interactions, the effect size (ES) is reported as the partial η2 value. Otherwise, the ES 
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(Cohen’s d) was calculated using the difference in means divided by the pooled SD of 
the compared values for normally distributed data (Nakagawa & Cuthill, 2007), and Z 
/ √ n for non-normally distributed data (Ivarsson et al., 2013). According to Cohen 
(1992) ES may be categorised using the following thresholds: Small effect size: 0.1 – 
0.3; moderate effect size: 0.3 – 0.5; large effect size: 0.5 – 1.0. Data is presented as 
mean ± standard deviation unless otherwise stated. The statistical threshold was set 
at P ≤ 0.05. Where applicable, exact P values are presented (Higgins et al., 2014; 
Higgins et al., 2016).  
5.3.20. Qualitative exploration  
Mixed methods provide ‘a voice’ to participants and ensure that subsequent findings 
are grounded in the experiences of participants (Wisdom et al., 2013). Thus, to 
effectively employ mixed methods, individual responses with respect of quantitative 
and qualitative research methods are reported. This assisted in triangulating data and 
provided greater breadth and depth when exploring inter-individual experiences 
associated with the phenomenon of CAF expectancies. To ensure anonymity of 
findings, all individual data is reported using pseudonyms.  
Auditory Dictaphone logs were transcribed as heard using the ‘Transcribe app’ 
(Seventh String Software; https://www.seventhstring.com/; Website by Christian 
Pachecho). Written data was subsequently explored by means of template analysis 
(Brooks et al., 2015; King et al., 2012).  
‘Template Analysis is a form of thematic analysis which emphasises the use of 
hierarchical coding but balances a relatively high degree of structure in the process of 
analysing textual data with the flexibility to adapt it to the needs of a particular study’ 
(Brooks et al., 2015; p. 203). 
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Template analysis provides flexible use of theoretical underpinnings from both content 
analysis (Weber, 1985) and grounded theory (Galser & Strauss, 1967). Content 
analysis involves the use of pre-defined codes and/or themes that are usually 
construed from pre-existing knowledge. In contrast, grounded theory encourages an 
open-minded approach to assist in identification of novel codes and/or themes.  
To facilitate template analysis, each transcription was explored thematically, in line 
with the phases outlined in Braun and Clarke (2006) (table 5.3). Gadamer and 
Bernasconi (1986) propose ‘when we interpret the meaning of something, we actually 
interpret an interpretation’ (page. 68). The subsequent findings were therefore relative 
to the researcher’s interpretation of subjective quotes. Once a list of codes had been 
compiled for each participant, these were linked/and or differentiated to create themes. 
Thus, data was explored specifically prior to the compiling of more generalised 
outcomes. 
Table 5.3. Phases of thematic analysis (Braun & Clarke, 2006; p.87). 
Phase Description of the process 
1. Familiarizing yourself 
with your data: 
Transcribing data (if necessary), reading and re-reading the data, 
noting down 
initial ideas. 
2. Generating initial codes: Coding interesting features of the data in a systematic fashion 
across the entire data set, collating data relevant to each code. 
3. Searching for themes: Collating codes into potential themes, gathering all data relevant 
to each potential theme. 
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4. Reviewing themes: Checking if the themes work in relation to the coded extracts (Level 
1) and the entire data set (Level 2), generating a thematic ‘map’ of 
the analysis. 
5. Defining and naming 
themes: 
Ongoing analysis to refine the specifics of each theme, and the 
overall story the analysis tells, generating clear definitions and 
names for each theme. 
6. Producing the report The final opportunity for analysis. Selection of vivid, compelling 
extract examples, final analysis of selected extracts, relating back 
of the analysis to the research question and literature, producing 
a scholarly report of the analysis. 
 
5.3.21. Researcher reflexivity  
To ensure the researcher was cognisant of their own pre-conceived ideologies and 
their potential influence on the process of qualitative exploration, continuous reflexivity 
was adopted. Thus, in line with Jackson (1995), the following three practices were 
implemented to enhance trustworthiness (Lincoln & Guba, 1985) and credibility 
(Patton, 1990) during analysis: 
- An in-depth description of the data collection and analysis procedure.  
- The involvement of several people (N.B. two of whom are considered experts 
within the field) in guiding the qualitative process, by making implicit enquiries 
to the student about the data collection/analysis procedure. This assisted in 
minimising biases, whilst improving the clarity of interpretations. 
- Brainstorming of pre-existing ideologies associated with the phenomenon in 
question to ensure the researcher was cognisant of their own inherent beliefs 
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and their influence upon the identification of codes, themes, and/or concepts 
(Jackson, 1995; van Manen, 1990). This process was achieved by the student 
listing his own pre-existing ideologies on an A4 sheet of paper and reflecting on 
these during analysis. 
5.4. Missing data 
A small amount of experimental data was not recorded due to operator/equipment 
error. To avoid disregarding complete datasets and subsequently decreasing the 
power of statistical analysis, these values were calculated using an adapted version 
of hot deck imputation (HDI; Schafer & Graham, 2002). HDI provides an estimate of 
missing data by computing values from other observations. In all instances, data from 
other tests at the same time points for the same participant was used. Performance 
data was only estimated once (e.g. 0.004% of total LSPT data). An overview of the % 
of missing data across each chapter is provided below.  
• HDI data = 0.01% (15/1988) 
- All LSPT measures at LIST 15 for P3 (EXP3) was estimated as the mean of 
their corresponding performance for FAM1, FAM2 and all other EXP trials. 
- (BLa) at LIST 15 and 60 (EXP 4) for P1 was estimated as the mean (BLa) 
for FAM1, FAM2 and all other EXP trials and FAM2 and all other EXP trials, 
respectively.  
- (BLa) at post-ingestion for P2 (EXP1) and P3 (EXP4) was estimated as the 
mean (BLa) for FAM2 and all other EXP trials.  
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- (BLa) at LIST 75 for P2 (EXP3) was estimated as the mean (BLa) for FAM2 
and all other EXP trials. 
- (BLa) at LIST 75 for P4 and P5 (both EXP4) was estimated as the mean 
(BLa) for FAM2 and all other EXP trials.  
- (BG) at LIST 15 for P1 (EXP4) was estimated as the mean (BG) for FAM1, 
FAM2 and all other EXP trials.  
- (BG) at post-ingestion for P2 (EXP4) and P3 (EXP2) was estimated as the 
mean (BG) for FAM2 and all other EXP trials.  
- (BG) at baseline for P4 (EXP2) was estimated as the mean (BG) for FAM1, 
FAM2 and all other EXP trials.  
5.5. Quantitative results  
Mean VO2, RPE, HR, (BG) and (BLa) values at the end of the 20 m progressive shuttle 
run test were 48.85 ± 3.42 ml/min/kg, 19 ± 1, 189 ± 5 bpm-1, 10.68 ± 1 mmol/L,14, 4.15 
± 0.28 mmol/L, respectively. This data supports the criteria for achievement of valid 
VO2MAX tests (Bird & Davidson, 1997). Mean VO2 corresponding to 55 and 95% 
VO2MAX was 26.87 ± 1.88 and 46.41 ± 3.25 ml/min/kg, respectively. Moreover, the 
mean time taken to complete one 20 m interval of walking, sprinting, cruising, and 
jogging was 13.9 ± 0.8, 4 ± 1, 8.3 ± 0.23 and 6 ± 0.25 s, respectively.  
5.5.1. Exercise capacity (TLIM) 
There were no order effects for TLIM (p=0.485). A main effect for treatment was 
observed (p<0.001; η²=0.772) (table 5.4). In comparison to placebo, mean TLIM was 
greatest for synergism, followed by psychology and pharmacology.  
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Table 5.4. Mean between-treatment differences in TLIM (all interactions achieved 
statistical significance (p<0.05)) 




p value Effect size (ES) 
Synergism versus Placebo  140 ± 68 21 0.001 1.3 
Synergism versus Pharmacology  95 ± 46 16 0.001 0.8 
Psychology versus Placebo  90 ± 49 15 0.001 0.9 
Synergism versus Psychology  50 ± 49 8 0.024 0.4 
Psychology versus Pharmacology  45 ± 38 7 0.012 0.4 
Pharmacology versus Placebo  45 ± 40 8 0.017 0.5 
 
When isolated, a 45 ± 38 s (p=0.012; ES=0.4) improvement was observed for 
psychology versus pharmacology. Moreover, all participants ran longer during 
psychology (table 5.5) with seven individuals displaying greater improvements versus 
their subjective mean score (the sum of TLIM from EXP trials 1 – 4 / 4).   
Table 5.5. Participant TLIM (s) across treatments (* denotes greater TLIM versus mean score). 
 Placebo Synergism Pharmacology Psychology mean score 
Jack 690 926 * 752 870 * 810 
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Malik 568 740 * 635 688 * 658 
Habi 568 740 * 615 618 635 
Ren 476 679 * 582 * 586 * 581 
Molineux 512 638 * 590 620 * 590 
Ave 537 594 * 544 579 * 564 
Sam 460 505 * 463 538 * 492 
Aobi 449 557 * 440 484 * 483 
Mean 533 672 * 578 623 * 602 
(± SD) 79 132 99 117 104 
 
Although main effects were observed for RPE, HR, (BLa) and (BG) across time (i.e. 
greater scores were observed for TLIM versus time matched exercise (isotime) (LIST 
bouts)) with the exception of HR, no treatment or interaction effects were observed. 
However, when these measures at post-exercise were divided by TLIM, a trend of 
reduction was observed for synergism followed by psychology, pharmacology, and 
placebo (table 5.6).  













Synergism 14 15 17 18  
Psychology 15 16 18  - 
Pharmacology 17 18  - - 
Placebo 18  - - - 
HR (bpm-1) 
Synergism 147 159 172 185  
Psychology  160 173 187   
Pharmacology  172 186  - - 
Placebo 184  - - - 
BLa (mmol/L) 
Synergism 6.8 7.3 7.9 8.5 
Psychology  7.4 7.9 8.6  
Pharmacology  8.4 9.0  - - 
Placebo 8.6  - - - 
 BG (mmol/L) 
Synergism 3.5 3.8 4.1 4.4 
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Psychology  3.4 3.7 4.0 - 
Pharmacology  3.8 4.1 - - 
Placebo 4.0 - - - 
 
5.5.2. BATAK  
No treatment x time interaction was observed (p=0.759; η²=0.074) but main effects 
were detected for treatment (p=0.024; η²=0.355) and time (p<0.001; η²=0.748). 
Fatigue appeared debilitative to BATAK performance, with a mean reduction of 4 to 7 
and 5 to 9 hits following TLIM versus baseline (p=0.04; ES=0.7) and post-ingestion 
(p=0.01; ES=0.7), respectively. However, pharmacology improved this decline by 2 to 
4 hits versus all treatments (table 5.7).  
Table 5.7. Fatigue induced reductions in BATAK performance across treatments and time 
(* denotes P ≤ 0.05). 
 Placebo Synergism Pharmacology Psychology 
Post-ingestion versus baseline 0 2 1 1 
Post-ingestion versus post-exercise * - 7 - 9 - 5 - 7 
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Post-exercise versus baseline * - 7 - 6 - 4 - 6 
 
Moreover, 5 and 7 score improvements were also observed at post-ingestion (p=0.05; 
ES=0.5) and post-exercise (p=0.008; ES=0.5), for pharmacology versus placebo 
(figure 5.3).  
Figure 5.3. Mean BATAK performance across treatments and time (# and ¥ denotes 
p<0.05 for pharmacology versus placebo). 
5.5.3. LSPT  
No interaction or main effects (p>0.05) were observed across any LSPT parameter. 
However, time taken to complete the LSPT following isotime exercise was quicker for 
synergism (74 ± 20 s) and psychology (74 ± 20 s) versus pharmacology (76 ± 19 s; 
ES=0.1) (figure 5.4). Similarly, post-exercise LSPT performance was quicker for 
psychology (76 ± 18 s; ES=0.3) and synergism (79 ± 24 s; ES=0.1) versus 


































Figure 5.4. Mean time taken to complete the LSPT across treatments and time 
5.5.4. RPE 
No treatment x time interaction (p=0.496; η²=0.121) or main effect was observed for 










































































Figure 5.5. Changes in RPE across time (# denotes p<0.05 for post-exercise versus 
all other time points). 
0.001; η² = 0.869) with RPE greater following TLIM (18 ± 1) versus isotime exercise (14 
± 2; ES=3) (figure 5.5).  
5.5.5. HR 




LIST 1 LIST 2 LIST 3 LIST 4 LIST 5 post-
exercise 
Synergism 
71 ± 6 76 ± 6 162 ± 4 * # 165 ± 4 165 ± 4 164 ± 6 164 ± 4 185 ± 4 # * 
Psychology 
70 ± 7 78 ± 8 166 ± 4 * 167 ± 5 * 164 ± 3 166 ± 4 164 ± 5 187 ± 4 
Pharmacology 
72 ± 6 74 ± 6 164 ± 4 # 164 ± 5 # 166 ± 4 164 ± 5 # 164 ± 5 186 ± 5 
Placebo 
72 ± 6 74 ± 7 163 ± 4 # 163 ± 5 # 165 ± 4 164 ± 4 163 ± 4 184 ± 7 
 
No treatment x time interaction was observed for HR (p=0.053; η²=0.187). However 
main effects for treatment (p=0.033; η²=0.434) and time (p<0.001; η²=0.995) showed 
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HR was greater with increasing exercise intensity (table 5.8). Moreover, HR was ~ 2 
to 4 bpm-1 greater for given PLA versus given CAF conditions at various time points.  
 
5.5.6. Blood variables 
No treatment x time interaction or main effect for treatment was observed for (BLa) 
and (BG). However, a main effect of time was detected for (BLa) (p<0.001; η²=0.967) 
and (BG) (p=0.009; η²=0.396) with (BLa) greater with increasing time, whilst (BG) was 
reduced (table 5.9).  
5.5.7. BRUMS 
No treatment x time interaction or main effect for treatment was observed for any 
BRUMS subscale. However, a main effect of time was detected for fatigue (p<0.001; 
η²=0.880) and vigour (p=0.04; η²=0.646) with fatigue generally greater and vigour 
reduced with increasing time (table 5.10). 
Table 5.9. Changes in (BLa) and (BG) (mmol/L) across time (# and ¥ denote p<0.05 versus baseline and 
isotime exercise, respectively).  
 baseline Post-
ingestion 
LIST 1 LIST 2 LIST 3 LIST 4 LIST 5 post-
exercise 
(BLa) 1.2 ± 0.4 1.2 ± 0.4 5.7 ± 0.7 # 6.2 ± 1.0 # 6.2 ± 1.1. # 5.7 ± 0.5 # 6.0 ± 0.7 # 8.7 ± 1.1 # 
¥ 
(BG) 4.7 ± 0.5 4.3 ± 0.6 # 4.5 ± 0.6 4.2 ± 0.7 4.3 ± 0.5 4.1 ± 0.5 #  4.1 ± 0.6 #  4.1 ± 0.7 # 
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Table 5.10. BRUMS ratings for fatigue and vigour across time (*, ¥ and # denote P≤0.05 versus baseline, 
post-ingestion, and post-exercise, respectively). 
 Baseline Post-ingestion  Post-exercise 
Fatigue 0.27 ± 0.31 ¥ 0.18 ± 0.22  1.62 ± 0.61 * ¥ 
Vigour 1.70 ± 0.90  1.84 ± 0.89 # 0.73 ± 0.40 
 
5.5.8. CaffEQ 
Participant responses regarding CAF expectancies represented six independent 
modes of CAF consumption, with only Aobi representing more than one (table 5.11).  
Table 5.11. Beverage chosen during CaffEQ response. 
Participant Responses based on 
Jack CAF in general 
Malik Energy drinks 
Habi Soft drinks 
Ren Energy drinks 
Molineux Other (not specified) 
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Ave CAF in general 
Sam Energy drinks 
Aobi Coffee, soft drinks and tea  
 
No mean differences were observed between experimental trials 1 and 3 across any 
CaffEQ subscales irrespective of the treatment administered (table 5.12).  
Table 5.12. Mean change in CaffEQ ratings between experimental trials 1 and 3.  
Subscale Trial 1 Trial 3 
Withdrawal 1.21 ± 1.22 1.14 ± 1.02 
Energy 2.21 ± 1.21 2.14 ± 1.18 
Mood enhancement 1.66 ± 1.32 1.53 ± 1.12 
Appetite suppression 1.14 ± 1.11 1.45 ± 1.04 
Physical performance enhancement 2.23 ± 1.20 2.5 ± 1.24 
Anxiety/negative physical effects 1.05 ± 1.04 1.2.5 ± 1.16 
Sleep disturbances 0.97 ± 1.03 1.31 ± 0.96 
 
However, following subjective analysis, various differences were observed across 
trials (table 5.13).  
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Table 5.13. Subjective CaffEQ scores across experimental trials 1 and 3 (alteration in expectancy type denoted by * (i.e. 1 = unlikely, 2 = a little unlikely, 
3 = a little likely, 4 = likely, 5 = very likely). T1 and T3 = experimental trials 1 and 3. 
 








Participant T1 T3 T1 T3 T1 T3 T1 T3 T1 T3 T1 T3 T1 T3 
Jack 2 2 3 3 3 3 2 2 3 3 2 1  1 1 
Malik 0 0 2 2 1 1 0 0 1 1 0 0 1 1 
Habi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ren 3 2 *  4 4 4 3  3 2 *  4 4 1 3 * 3 3 
Molineux 2 3 *  2 3 *  1 2  2 3 *  3 3 2 3 *  1 2  
Ave 0 1  2 2 1 1 0 3 * 2 3 *  0 1  0 2 * 
Sam 1 0  3 2 *  1 1 0 1  2 3 *  0 0 0 0 
Aobi 2 1  3 3 2 2 2 2 2 3 *  3 2 *  3 2 *  
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5.6. Qualitative results  
Following template analysis, 5 areas of discussion became prominent (general 
perceptions, BATAK, LSPT, TLIM and LIST). In total, 5 themes are discussed (table 
5.14). Examples of how these themes were compiled can be observed for Aobi 
(Appendix 9.9).  
Table 5.14. Themes and supporting statements across areas of discussion. 
General perceptions 
Themes Supporting statements 
Expectancies facilitated perceptions  • Aobi (quote 12) - ‘I felt like I needed the lift that day and you 
could definitely feel like the caffeine (psychology) had an 
impact on me’ with enhanced mood and energy, and 
lowered fatigue perception versus told PLA treatments 
(quote 13).  
 
• Ren (quote 7) - ‘Compared to the two placebo trials (i.e. told 
PLA), after the ingestion period (synergism), I almost 
immediately felt more alert, more active, more confident, 
and more energetic’.  
 
• Ave (quote 10) - Had ‘a bit more energy’ for synergism 
versus told PLA conditions. 
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Told PLA treatments had minimal effect • Aobi (quote 15) - Told PLA conditions induced neutral 
expectancies and/or a lack of ‘psychological effect’ and 
‘didn’t really do much’.   
 
• Ren (quote 4) - ‘I didn’t feel it had any effect on the (sic), 
obviously knowing it’s a placebo, both placebos (i.e. told 
PLA treatments), I expect what you’re expected to feel’.  
BATAK  
Expectancies > told PLA treatments • Ren (quote 4) – Expected ‘to feel fatigued and slower’ during 
told PLA treatments prior to assessing post-exercise 
BATAK, whilst feeling quicker during synergism.  
 
• Molineux (quote 1) - Felt ‘more alert’ for psychology versus 
placebo. 
 
• Aobi (quotes 3 & 13) – Psychology improved alertness and 
‘reaction times’ on a day when he ‘wasn’t really feeling up to 
it’. 
 
• Ave (quotes 11 & 14) - Told CAF conditions ‘really helped’, 
with synergism resulting in ‘a lot less misses’ and better 




• Aobi (quote 19) – Felt more familiarised to complete BATAK, 
however this was augmented by ‘the burst from the caffeine’ 
during synergism. 
LSPT  
Synergism > pharmacology • Ave (quote 4) and Ren (quote 9) – Synergism improved 
LSPT versus pharmacology due to ‘increased speed’.  
 
 • Ren (quote 5) - Felt he ‘was getting worse, getting a few 
more mistakes, missing the targets more’ during 
pharmacology. 
Debilitative psychology • Ren (quote 12) – Experienced greater perceptual fatigue for 
psychology versus told PLA treatments, which impaired 
LSPT performance. 
 
 • Malik (quote 6) - ‘tended to get distracted’ and ‘wasn’t as 
concentrated on passing the ball’, felt ‘off balance and 
couldn’t see the targets as clearly’ which effected ‘control’ 
and technique, during psychology.  
TLIM 
Facilitative synergism • Aobi (quote 18) and Molineux (quote 5) – Able to give more 









• Ave (quote 19) – Synergism improved TLIM versus placebo 
due to ability to give more. However, struggled more during 
psychology. 
LIST 
Debilitative psychology • Malik (quote 6) - Put everything into LIST bout 1, and 
subsequently felt ‘fatigued’ and a ‘lack of motivation’ for 
psychology versus told PLA treatments. 
 
• Ren (quote 9) - Perceived greater cardiovascular and leg 
fatigue during psychology versus pharmacology. 
 
• Ave (quote 9) – Felt tired during psychology but attributed 
this to a ‘lack of sleep’ and not the treatment. 
 
• Ave (quotes 15 & 19) and Molineux (quote 5) - No 
‘improvement’ for psychology versus placebo. 
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5.7.  Discussion  
Through implementation of the double-dissociation design, this study is the first to 
compare CAF’s pharmacological versus psychological impact on numerous facets of 
simulated soccer performance. Although all treatments enhanced TLIM versus placebo, 
psychology resulted in greater improvements (~ 45; 7%) versus pharmacology. The 
magnitude of change here (as indicated through ES) is considered moderate (0.4) 
(Cohen, 1988).  Moreover, all participants ran longer during psychology with seven 
individuals displaying greater improvements versus their subjective mean score. 
These findings signify CAF expectancy is an important contributor to CAF’s ergogenic 
benefits on exercise capacity. However, with respect of tasks involving a greater 
cognitive impetus, pharmacology improved post-exercise BATAK performance but 
LSPT performance was worse versus all other treatments. Thus, CAF appears an 
effective nutritional supplement in mediating improvements in sport and exercise 
performance. However, such benefits may occur with only belief that CAF has been 
consumed and these effects may be greater versus CAF pharmacology, though, 
synergism of CAF expectancies and pharmacology likely result in the greatest 
improvements (Shabir et al., 2018). 
Irrespective of the ingested treatment, expectancies improved TLIM with psychology 
and synergism resulting in 90 ± 49 s and 95 ± 46 s improvements versus 
pharmacology and placebo, respectively. Interestingly, the difference between 
psychology and placebo further supports the findings of meta-analysis A which 
suggest expectancies may substantially improve exercise performance with a 
moderate effect size (section 2.11). Although post-exercise RPE, HR, (BLa) and (BG) 
were similar, when these variables were divided by TLIM a trend of reduction was 
observed for synergism followed by psychology, pharmacology, and placebo. Thus, 
123 
 
CAF expectancies likely facilitated TLIM by mediating perceptual, cardiovascular and/or 
haematological strain. In support, following template analysis, subjective inferences 
were made to lowered fatigue perception and an ability to give more during TLIM, for 
told CAF versus told PLA, conditions. The psychobiological model of endurance 
performance (Pageaux et al., 2014; Pageaux & Lepers, 2016; Smirmaul et al., 2014) 
suggests, during assessment of exercise capacity, the time taken to reach volitional 
exhaustion is predominantly determined by perceptual effort and subjective motivation 
during open-loop exercise tasks (i.e. tasks with no known end point (e.g. TLIM)). 
However, these properties may share an inverse relationship (Smirmaul et al., 2013) 
with subjective motivation a key mediator of perceptual effort (Smirmaul et al., 2014). 
Though, subjective motivation was not directly assessed within the current study. 
Reductions in perceived effort may also ameliorate the fatigue induced alteration from 
external (e.g. motivating factors) to internal (e.g. increased focus on HR, the working 
muscles etc.) thoughts. This change in thought processing may negatively influence 
biological systems associated with perceptual, motor, and homeostatic relevance and 
help explain the projected variances in RPE, HR, (BLa) and (BG), during TLIM (Balague 
et al., 2013; Benedetti et al., 2005).  
Only two other studies have assessed the influence of CAF expectancies on TLIM, 
albeit during cycle ergometer based maximal incremental tests. Brietzke et al. (2017) 
observed ~ 17% (~ 68 s) and ~ 19% (~ 75 s) improvements in TLIM for psychology and 
synergism (6 mg/kg/BM sucrose and CAF, respectively) versus CON (i.e. no treatment 
administered). Moreover, post-exercise RPE was similar across treatments, though 
magnitude-based inferences indicated likely beneficial effects (75% probability) for 
synergism and psychology versus CON. This finding is comparable to the potentially 
ameliorated RPE for told CAF conditions, observed in the current study. Pires et al. 
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(2018) also detected improvements in TLIM for psychology 17% (~ 71 s) and synergism 
15% (~ 63 s) versus CON. The improvements observed by Pires et al. (2018) were 
explained by greater rectus femoris activation (~ 150%) during the final 10 s of 
exercise for psychology and synergism versus CON (Pires et al., 2018). These 
findings advocate expectancies enhanced muscle force production and delayed the 
onset of fatigue (Doherty & Smith, 2004; Doherty & Smith, 2005; Yang et al., 2015). 
However, in contrast to the current study, subjective perceptions were unexplored 
across both studies which are important when assessing CAF’s mechanisms of action 
(Shabir et al., 2018).  
In comparison to placebo, given CAF treatments improved BATAK performance by 5 
hits at post-ingestion, whilst pharmacology improved post-exercise BATAK by 7 hits. 
Thus, CAF possibly facilitated enhanced performance via central effects (Meeusen et 
al., 2013). Though the discrepancy in post-exercise BATAK between synergism and 
pharmacology is likely due to greater accumulation of cognitive and/or physical fatigue 
during synergism, whereby TLIM was 95 s greater versus pharmacology. Moreover, 
pharmacology ameliorated the fatigue induced decline in BATAK performance, at 
post-exercise versus baseline and post-ingestion, with scores 2 to 4 and 2 to 3 hits 
greater respectively versus all other treatments. Caffeine has been observed to 
improve gross motor function (i.e. agility, reaction time, alertness etc.) before, during 
and after sports activities and this effect is thought to be facilitated via central nervous 
stimulation (Duvnjak-Zaknich et al., 2011; Meeusen et al., 2013). In contrast, CAF may 
impair fine motor skill performance due to over-arousal, tremors, and impaired 
cognitions (Denson et al., 2012; Elliman et al., 2010). This may cause overestimation 
of expectancy effects which would explain the discrepancies between the current 
study and other findings assessing cognitive performance (Elliman et al., 2010; Oei & 
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Hartley, 2005). For example, Oei and Hartley (2005) detected comparable 
performance on a self-designed sustained attention task for given CAF (~ 143 mg) 
(2.57 s) and told CAF (2.47 s) treatments. Moreover, Elliman et al. (2010) observed 
similar performance for psychology, placebo, and pharmacology (200 mg), whereby 
all conditions achieved approximately 4 correct hits on the Bakan vigilance task.  
Although time taken to complete the LSPT declined with time (e.g. the slowest 
performance was observed following TLIM) told CAF conditions appeared to ameliorate 
this decline with improvements following isotime exercise and TLIM, versus 
pharmacology, respectively. These findings were likely due to CAF expectancies, as 
performance was comparable for synergism and psychology. While these results 
represent a small effect size (ES range = 0.1 – 0.3) and failed to exceed the statistical 
threshold, these were comparable to previous findings whereby CAF improved LSPT 
performance following the performance of isotime exercise (e.g. the LIST) (Foskett et 
al., 2009; Gant et al., 2010). Gant et al. (2010) observed a 1.5 s improvement in LSPT 
performance for CAF (3.7 mg/kg/BM) versus CON, in 15 recreational, male soccer 
players. Similarly, Foskett et al. (2009) observed a 2.3 s improvement in LSPT 
performance for CAF (6 mg/kg/BM) versus CON, across 12 male university soccer 
players. Although neither study explored CAF’s psychological impact, Foskett et al. 
(2009) revealed, 4 individuals correctly, and 3 incorrectly, identified CAF trials and 5 
declined to comment. Thus, although incongruent, expectancies potentially influenced 
these findings and this issue may be related to a lack of double-dissociation design 
whereby expectancies were uncontrolled. Furthermore, expectancy effects are likely 
subjectively, experientially, or temporally modulated further highlighting the need to 
explore participant perceptions (Shabir et al., 2018).  
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The rise in (BLa) with increasing exercise intensity is likely causal to augmented 
hydrogen ion accumulation (i.e. lactic acidosis) related to greater cellular requirements 
for adenosine tri-phosphate (ATP) and an insufficient supply of oxygen (O2) to match 
these demands (Coyle, 1990; Sahlin, 1986). Moreover, such cellular requirements will 
likely exacerbate the rate of glucose metabolism (i.e. to facilitate ATP production), 
eventually resulting in reduced (BG) (Kjaer et al., 1991; Suh et al., 2007). The rise in 
HR alongside greater exercise intensity (e.g. TLIM versus LIST) is also likely associated 
with a greater cellular requirement for oxygen and glucose, but also the removal of 
carbon dioxide and metabolites (e.g. protons, lactate and free Mg2+) which may 
otherwise impair neuronal signal transmission and muscle force production (Ament 
and Verkerke, 2009; Burton et al., 2004). Furthermore, the 2 to 4 bpm-1 between-
treatment variances in HR were likely physiologically negligible, especially as HR 
following isotime exercise was comparable across treatments (~ 164 bpm-1).  
5.7.1. Qualitative implications 
Told CAF conditions generally facilitated greater TLIM versus told PLA and this was 
irrespective of whether individualistic perceptions for CAF ergogenicity were positive 
or negative (Smirmaul et al., 2013). Hence, CAF expectancies appeared to be the 
greatest mediating factor here. Though, these findings were also likely influenced by 
a lack of perceived effect during told PLA conditions. For example, Aobi perceived 
greater energy, a better mood and less fatigue during psychology. Associatively, TLIM 
was 44 s greater versus pharmacology. In contrast, Ren perceived psychology as 
detrimental, yet TLIM was comparable versus pharmacology and 110 s greater versus 
placebo. Interestingly, Ren displayed expectancies for negative physical 
effects/anxiety but also performance enhancements (section 5.4.8), hence a 
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relationship between these expectancies is plausible. Ave also displayed 
expectancies for physical performance enhancement. However, although psychology 
was perceived detrimental and synergism facilitative to exercise performance, TLIM 
was comparable across both conditions. Similiarly, Molineux displayed expectancies 
for physical performance enhancement and TLIM for told CAF conditions was similar, 
but ≥ 30 s greater versus told PLA. In contrast, Malik and Habi displayed limited 
expectancies across the CaffEQ, though Malik perceived psychology as detrimental 
whilst Habi indicated no differences, versus pharmacology. Yet, TLIM was greater (53 
s) or comparable versus pharmacology, for Malik and Habi, respectively. Thus, these 
findings highlight the individualistic nature of subjective perceptions. 
Alternatively, and in contrast to the qualitative theme (expectancies > told PLA 
treatments) associated with BATAK, these findings indicate positive perceptions for 
told CAF conditions may impair BATAK performance via potential CAF over reliance 
(Shabir et al., 2018; Tallis et al., 2016). In contrast, negative perceptions possibily 
facilitated BATAK  performance via augmented conscious effort (Harrell & Juliano, 
2009; Shabir et al., 2018; Tallis et al., 2016). A similar trend to BATAK was observed 
for LSPT performance (i.e. told CAF treatments improved LSPT performance when 
individuals exhibited negative perceptions, whilst the opposite occurred following 
positive perceptions).  
For example, with respect of BATAK, Ren felt ‘much faster’ for synergism versus 
pharmacology whereby performance was ‘slower’ due to greater perceived fatigue. 
However, post-exercise BATAK performance was 11 and 8 hits greater for 
pharmacology versus placebo and synergism. Greater fatigue perception was also 
experienced for psychology versus synergism, yet post-exercise BATAK was 8 hits 
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greater for psychology. Aobi felt psychology improved ‘reaction times’, however, 7 and 
14 score reductions were observed versus placebo at post-ingestion and post-
exercise, respectively. Moreover, Aobi believed ‘the burst from the caffeine’ during 
synergism also improved BATAK, yet performance at post-ingestion was comparable 
to placebo whilst 5 hits less were accomplished versus pharmacology.  
Ren also felt faster and less fatigue for synergism versus pharmacology during LSPT 
performance. Yet the time taken to complete the LSPT following isotime exercise was 
2 s slower during synergism. Aobi perceived psychology as facilitative, though LSPT 
performance was ~ 12 s and ~ 7 s slower following isotime exercise and TLIM, versus 
all other conditions. In contrast, Malik ‘tended to get distracted’, ‘wasn’t as 
concentrated on passing the ball’, felt ‘off balance and couldn’t see the targets as 
clearly’ which effected ‘control’ and technique during psychology. Yet, performance 
was greater following isotime exercise (e.g. 7 and 6 s) and TLIM (e.g. 19 and 17 s), 
versus synergism and pharmacology, respectively.  
In support of these findings, Harrell and Juliano (2009) revealed when participants 
were given decaffeinated coffee and told performance would be impaired this actually 
facilitated RVIP performance by improving recreation times (- 10.08 ± 10.67 ms and 
the number of successful hits (2.67 ± 2.33) versus told enhance instructions (+ 20.62 
± 10.67 ms; - 4.33 ± 2.33 hits) and this was irrespective of greater motivation following 
told enhance instructions.  In contrast, reaction times and successful hits were greater 
amongst given CAF conditions irrespective of the information provided. However, 
subjective perceptions were unexplored therefore no further information (e.g. the 




5.7.2 Applied implications 
Thus, given the findings of section 5.6.1, expectancies may need to be modulated to 
an optimum point during cognitive based tasks (i.e. much like the inverted U-
hypothesis proposed by Yerkes & Dodson (1908)) and this point will differ subjectively, 
due to the individualistic nature of perceptions (Shabir et al., 2018). Given the potential 
difficulty in achieving this, CAF expectancies might not be appropriate during soccer 
performance and other game sports activities that involve a significant cognitive 
demand, due to potential CAF over-reliance (Tallis et al., 2016). Alternatively, CAF 
expectancies may better suit tasks that involve significant gross motor function but 
minimal cognitive requirements (e.g. long-distance running, weightlifting, cycling etc.) 
and any effects may be mediated by reductions in perceptual effort (Del Coso et al., 
2012; Duvnjak-Zaknich et al., 2011; Duncan et al., 2009). However, for some 
individuals (i.e. those who are not inclined to CAF associated cognitive impairment) 
expectancies may represent an alternative to CAF dosing prior to late evening sports 
competitions, which would improve the quality of exercise recovery, training and 
preparation which is otherwise impaired due to changes in melatonin production, 
molecular oscillations and sleep quality (Burke et al., 2015). Enhanced sleep quality 
and associated improvements in physical/mental recovery may also benefit soccer 
coaches when planning training sessions. Moreover, the consumption of 
pharmacologically active CAF is unnecessary to instigate expectancies (Shabir et al., 
2018). Hence, the current findings represent important implications for soccer players 
affected by health concerns (e.g. high blood pressure, heart disease, anxiety, 
depression) and side effects that are exacerbated/instigated by CAF use and 
potentially debilitative to exercise performance (Abraham et al., 2009; Bchir et al., 
2006; Harley et al., 2000; Green et al., 1996; Pickering & Kiely, 2018). Moreover, 
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individuals predisposed to CAF habituation (Pickering & Kiely, 2019; Schicatano & 
Blumenthal, 1995; Svenningsson et al., 1999) may also benefit from expectancies, as 
expectancies may be trained and/or manipulated to enhance overall CAF ergogenicity.  
With respect of research, the current findings support the necessity for future CAF 
studies to account for any psychological effects which are at present largely 
overlooked (Shabir et al., 2018). In order to achieve this and reduce the discrepancy 
of individuals guessing which treatment they have been administered (i.e. preventing 
overlaps between CAF psychology and pharmacology) the double-dissociation design 
should be utilised.  
5.8. Limitations 
Failure to assess habitual CAF consumption is the main limitation of the current study. 
Habitual CAF use has been advocated to influence subjective perceptions for CAF 
ergogenicity (Shabir et al., 2018). Fifteen out of the 19 studies assessed in sections 
2.9 and 2.10 utilised participants who were considered habitual CAF consumers 
(Beedie et al., 2006; Brietzke et al., 2017; Dawkins et al., 2011; Denson et al., 2012; 
Domotor et al., 2015; Duncan, 2010; Elliman et al., 2010; Fillmore & Vogel-Sprott, 
1992; Foad et al., 2008; Harrell & Juliano, 2009; Oei & Hartley, 2005; Pires et al., 
2018; Saunders et al., 2017; Tallis et al., 2016; Walach et al., 2001). Therefore, future 
studies should acknowledge the potential relationship between habitual CAF 
consumption and expectancies as this would more greatly clarify CAF’s potential 
mechanism(s) of action.  Furthermore, it is unclear whether participants were 
habituated to CAF’s central effects (i.e reduced adenosine receptor sensitivity 
associated with chronic CAF use) (Pickering & Kiely, 2019). Thus, CAF’s 
psychological effects may have been overestimated here. However, the body of 
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evidence investigating the influence of CAF habituation on overall CAF erogenicity 
remains small, for example in a review by Goncalves et al. (2018) only 4 studies 
assessed the influence of CAF habituation on exercise performance, with a limited 
effect observed. Moreover, the benefit (~ 45 s) in TLIM for pharmacology versus 
placebo indicates that participants likely responded to CAF’s central effects and were 
probably not predisposed to CAF habituation. This is further supported by greater TLIM 
(~ 49 s) for synergism versus psychology.  
Although the success of expectancy manipulation was not explicitly confirmed, no 
participants correctly guessed the deception employed following template analysis. 
Alternatively, all participants referred to at least 2/4 treatments as they had been 
administered (i.e. told CAF/PLA), with Habi, Ren, Ave and Aobi referring to all 
treatments as they had been administered. Hence, the expectancy manipulation(s) 
utilised appeared successful. However, future studies should aim to explicitly confirm 
this. This may be achieved via post-hoc analysis whereby participants are asked to 
identify which trials they believed CAF and/or PLA was consumed. For example, 
participants in Duncan et al. (2009) were asked three questions following the 
completion of all trials. These were: 1.)  “Please identify which trial was the trial where 
caffeine was consumed, and which was the trial where the placebo was consumed.” 
2.) , “Please could you explain why you believe this to be the case” and 3.) “Are there 
any other reasons why you think this was the case.”   
CAF associated changes with respect of an individual’s circadian rhythm (e.g. inhibited 
melatonin production and augmented molecular oscillations) could have influenced 
subjective comparisons of individuals experiences via template analysis, especially as 
some participants performed trials in the morning and others in the afternoon (Burke 
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et al., 2015). Hence, the time of CAF consumption may have influenced the subjective 
notions of poor sleep quality made by Ave. However, Boyett et al. (2016) indicate that 
the discrepancies in endurance capacity following CAF consumption in the morning 
versus evening were only apparent across trained individuals, with no change 
observed across untrained individuals. As such, the issues associated with the time of 
CAF consumption may not be substantive across the profile of participants used in the 
current study. Nevertheless, to avoid the aforementioned concerns, future studies 
should aim to perform trials at the same time of day and measure subjective sleep 
quality prior to trials. 
The psychobiological model of endurance performance posits, perceptual exertion 
and motivation as key psychosomatic determinants of exercise tolerance (Pageaux et 
al., 2014; Pageaux & Lepers, 2016; Smirmaul et al., 2014). Although TLIM was likely 
improved via potentially reduced RPE, motivation was not explored. Moreover, 
subjective inferences were also made to lower limb fatigue possibly limiting exercise 
performance. Therefore, alongside RPE, future studies should explore changes in 
lower limb fatigue (i.e. the 0 – 10 category-ratio scale; Borg et al., 1998) and motivation 
(i.e. readiness to invest physical/mental effort scales (Duncan, 2010)) especially as a 
relationship between these constructs is plausible (Smirmaul et al., 2013).  
In addition, although (BLa) and (BG) was assessed, CAF may influence various 
exercise mediating metabolites (e.g. epinephrine, norepinephrine etc.) that were not. 
Moreover, although participants were homogenous with respect of anthropometric 
characteristics, genetic assessments with respect of CAF metabolism were not 
performed and may have influence the efficacy of CAF pharmacology (Southward et 
al., 2018; Yang et al., 2010).  
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Finally, the CaffEQ (Harrell & Juliano, 2009) may not have been sensitive in 
acknowledging habituated expectancies and/or potential changes between trials 1 and 
3 as some participants displayed dissatisfaction towards its usability/clarity. Therefore, 
alternate questionnaires (Heinz et al., 2009) may be used in future studies to address 
this concern.  Moreover, as various between-treatment references were made to 
changes in perceptual states following template analysis, it is unclear why limited 
effects were observed across the BRUMS.  
5.9. Conclusion 
This study is the first to compare CAF’s psychological versus pharmacological impetus 
on numerous components of simulated soccer performance, through implementation 
of the double-dissociation design. With respect of TLIM, synergism resulted in the 
greatest improvements (140 ± 68 s) versus placebo, followed by psychology (90 ± 49 
s) and pharmacology (45 ± 40 s), respectively. Thus, when isolated psychology 
improved TLIM by ~ 45 s (7%) versus pharmacology, with all participants running longer 
during psychology. These benefits appeared relative to expectancies for CAF 
ergogenicity, but not perceptual states and any improvements were likely facilitated by 
potentially reduced RPE. Interestingly, LSPT and BATAK performance was impaired 
for individuals displaying positive CAF perceptions with the opposite occurring 
following negative perceptions and this was potentially due to reduced conscious effort 
associated with CAF over-reliance (Shabir et al., 2018; Tallis et al., 2016). Hence, the 
mechanisms by which expectancies mediate an effect may be dependent on the task 
performed. However, given the cognitive requirements during soccer performance and 
other game sports activities, CAF expectancies may not be appropriate here. Instead, 
expectancies may better suit tasks that involve significant gross motor function but 
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minimal cognitive requirements (e.g. running, weightlifting, cycling etc.) with reduced 
perceptual exertion a key mediator here.  
Moreover, after completing data collection pertaining to experimental study 1 (chapter 
5), it became apparent that the techniques used to modulate expectancies across told 
CAF/PLA conditions here and across any other study with a primary aim of exploring 
the influence of CAF expectancies on sport, exercise and/or cognitive performance, 
require validation. Therefore, a secondary aim of this thesis was to validate the videos 
and adapted versions of the manuscripts (section 5.3.15) used during experimental 
study 1 (chapter 5), in enhancing expectancies for CAF ergogenicity or neutralizing 
expectancies for PLA (i.e. told CAF or PLA conditions, respectively). Thus, no previous 
studies have validated the techniques used to modulate expectancies, as such this 




Chapter 6. Validation of techniques used to modulate expectancies, 
associated with caffeine and placebo 
6.1. Abstract 
Introduction: To achieve valid comparisons of CAF’s psychological versus 
pharmacological effects, the double-dissociation design should be utilised. Though, 
the effectiveness of this design depends on successfully manipulating participant 
beliefs in accordance with the experimental purpose. To achieve this, expectancy 
modulating techniques (e.g. similar to those outlined in section 5.3.15) are utilised, 
though no studies have yet assessed the validity of these techniques in modulating 
beliefs. Aims/objectives: This study aimed to validate the videos and adapted versions 
of the manuscripts used during experimental study 1 (chapter 5) in enhancing 
expectancies for CAF erogenicity or neutralizing expectancies for PLA (i.e. told CAF 
or PLA conditions, respectively). It was hypothesised that CAF expectancies would 
initiate improvements across all measures employed within this study when compared 
to baseline, though no effect would be observed for PLA. Methods: Utilising a 
counterbalanced, within-subjects design, 396 recreationally active individuals (328 
males and 172 females; age: 22 ± 4 years) disclosed anthropometric details including 
habitual CAF consumption, before completing the following baseline measures: 
caffeine expectancies questionnaire (CEQ), BRUMS and readiness to invest physical 
(RTIPE) and mental effort (RTIME). The aforementioned intervention (i.e. manuscripts 
and videos associated with told CAF and/or PLA treatments) was then initiated before 
individuals completed all measures recorded at baseline. The subsequent trial was 
performed similarly but involved the alternate experimental manipulation. Dependant 
on whether data was normally, or non-normally distributed, statistical analysis was 
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performed using paired t-tests or Wilcoxon rank tests, respectively. Results: 
Participants displayed positive CAF expectancies and were habitual CAF consumers 
(2 ± 1 CAF beverages per day across 3 ± 3 years). However, no meaningful 
differences were observed across any measures for either treatment, when assessing 
changes from baseline and post-intervention. Discussion/conclusion: Irrespective of 
participants displaying positive expectancies and being habitual CAF consumers, no 
meaningful differences were observed within this study. The expectancy modulating 
techniques used here may have been more influential alongside perceptions for CAF 
consumption and implementation of a performance measure (e.g. exercise/cognitive 
task) as these factors may have contextualised a greater immediate importance for 
CAF.   
6.2. Introduction 
The findings of experimental study 1 (chapter 5) support the notion that expectancies 
for CAF ergogenicity may improve sport, exercise and/or cognitive performance 
comparably, or to a greater extent versus CAF pharmacology (Beedie et al., 2006; 
Duncan et al., 2009; Foad et al., 2008; Saunders et al., 2017; Shabir et al., 2018). 
Though, the mechanisms by which any benefit is exerted is likely dependant on the 
task employed. Thus, future studies should implement measures to account for CAF’s 
psychobiological impact. To achieve this the double-dissociation design which as 
previously highlighted involves manipulating individuals’ beliefs in accordance with the 
experimental purpose should be utilised. This reduces the discrepancy of individuals 
guessing which supplement they have ingested (i.e. reducing potential crossover 
between CAF pharmacology and expectancies) (Shabir et al., 2018). However, the 
efficacy of the double-dissociation design is highly dependent on the success of 
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expectancy manipulation and thus the techniques used to modulate beliefs.   
Caffeine expectancies are mediated by a variety of factors including the perception of 
symptoms and/or side effects (Dawkins et al., 2011; Elliman et al., 2010; Saunders et 
al., 2017; Fillmore & Vogel-Sprott, 1992) habitual CAF consumption (Oei & Hartley, 
2005; Tallis et al., 2016), personality traits (Tallis et al., 2016), cultural and 
psychosocial differences (Langdridge, 2007, Moerman & Jonas, 2002), vicarious and 
lived experiences (Bandura, 1997), environmental cues (Beedie et al., 2018; 
Benedetti, 2013; Moerman & Jonas, 2002) and the techniques used to manipulate 
beliefs (e.g. section 5.3,14). Shabir et al. (2018) propose visually stimulating 
techniques (i.e. presentations and/or videos highlighting CAF ergogenicity, coffee 
being brewed etc.) represent the greatest performance effect(s) during cognitive 
performance, followed by verbal affirmations, and the provision of literature (e.g. flyers 
and/or manuscripts explaining CAF ergogenicity), with 100% (Fillmore & Vogel-Sprott, 
1992; Oei & Hartley, 2005), 75% (Dawkins et al., 2011; Fillmore & Vogel-Sprott, 1992; 
Harrell & Juliano, 2009) and 0% (Schneider et al., 2006; Walach et al., 2001; Walach 
et al., 2002) of studies displaying effects, respectively. Fillmore & Vogel-Sprott (1992) 
suggest the differences here are due to greater saliency associated with visual and 
verbal stimuli versus the use of literature (i.e. visual/verbal stimuli may facilitate greater 
learning by enabling individuals to better focus their cognitive and attentional capacity 
on sensory input (Schneider et al., 1997)). In contrast, irrespective of which type of 
expectancy modulating technique(s) were employed, expectancy effects were always 
observed during exercise performance and these were likely stimulated via 
augmented self-efficacy through vicarious experiences, social persuasion and 
changes in physiological, emotional and/or perceptual states (Bandura, 1982). Yet, 
the validity of these techniques with respect of modulating beliefs, remains unexplored. 
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Alternatively, some studies have opted to confirm the success of general expectancy 
manipulations through post-hoc analysis (Duncan et al., 2009; Fillmore & Vogel-Sprott, 
1992). However, as previously outlined, expectancies are influenced by various 
subjective factors, thus, the success of general expectancy manipulations may not 
reliably represent the influence of expectancy modulating techniques. Moreover, a lack 
of validation for the techniques used during told PLA conditions is also prominent. 
Expectancies here should be neutralised, otherwise a nocebo response could occur 
which may cause overestimation of expectancy effects (Duncan et al., 2009; Saunders 
et al., 2017).  
Therefore, the purpose of this study was to validate the videos and adapted versions 
of the manuscripts (section 5.3.15) used during experimental study 1 (chapter 5), in 
modulating expectancies for CAF ergogenicity or neutralising expectancies during 
PLA, respectively. It was hypothesised that compared to baseline, expectancies would 
be enhanced during CAF irrespective of habitual CAF consumption, whilst no effect 
would be observed for PLA. Moreover, CAF would facilitate greater improvements in 
mood states and readiness to invest physical and/or mental effort versus PLA, due to 
greater expectancies.  
6.3. Methods 
6.3.1. Participants 
Participants were required to be healthy, non-smoking, recreationally active 
individuals, between 18 – 40 years old to minimise the biological discrepancies 
associated with growth and aging (e.g. the degradation of bone mineral density, 
muscle tissue and/or central nervous function, gait impairment etc.) (Bemben, 1999; 
Boss & Seegmiller, 1981; Higgins et al., 2014; Woo et al., 1995). A mixed gender 
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sample of 396 (262 males and 134 females; age: 22 ± 4 years), habitual CAF 
consuming (2 ± 1 CAF beverages per day across 3 ± 3 years), healthy recreationally 
active individuals volunteered for this study. This sample size is similar to previous 
studies aiming to validate the implementation of surveys and measures across the 
sport and exercise literature (Heinz et al., 2009; Jackson & Marsh, 1996; Terry et al., 
2003; Wanner et al., 2017).  Recreational participation was based on an active lives 
survey by Sport England (https://www/sportengland.org/news-and-
features/news/2018/march/22/figures-show-nations-activity-levels/) and involved 
partaking in at least 150 minutes of physical activity (e.g. games sports activities, 
walking, jogging, going to the gym etc.) per week.  
6.3.2. Experimental design 
This study utilised a counter balanced, within-subjects design that often-involved 
numerous subjects participating at a time. Individuals were required to attend two 
sessions that were spaced at least 1-week apart. With the exception of the 
experimental manipulation employed, both sessions were identical. Experimental 
conditions involved watching the same videos and reading adapted versions of the 
manuscripts (section 5.3.15) used during experimental study 1 (chapter 5). (i.e. during 
told PLA and/or CAF conditions. Moreover, counterbalancing was achieved through 
administration of CAF (trial 1), followed by PLA (trial 2) at the University of Derby, and 
PLA followed by CAF at any other suitable data collection point.  
6.3.3. An overview of experimental trials 
With respect of the epistemological foundation observed in this study, only a positivist 
approach was adopted. Initially, using a standardised script participant were briefed 
regarding: the purpose of the study, what was entailed, inclusion/exclusion criteria, 
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and individuals’ rights and responsibilities regarding data protection. Eligible 
participants provided informed consent through a tick box found on page 1 of baseline 
measures (document A) during trial 1. Document A also included a written outline of 
the University of Derby’s general data protection regulation, and the contact details of 
affiliated individuals (e.g. Dr. Matthew Higgins (University of Derby) in case 
participants wished to anonymously withdraw personal data. To stress the importance 
of responses remaining subjective to individuals own beliefs, communication was 
prohibited during data collection. Participants were provided an opportunity to ask 
questions before the following baseline measures were recorded. 
- The quantity and frequency of caffeine consumption questionnaire (Heinz et al., 
2009)  
- The caffeine expectancies questionnaire (CEQ) (Heinz et al., 2009)  
- The Brunel mood scale (Terry & Lane, 2003) 
- Readiness to invest physical and mental effort (Duncan et al., 2012)  
The relevant experimental manipulation was then initiated.  
Following this, with the exception of the quantity and frequency of caffeine 
consumption questionnaire, all measures explored at baseline were reassessed 
(document B) before participants passed forward both documents for the researcher 
to file. The subsequent trial entailed the alternate experimental manipulation, 
subsequent documents were labelled C and D, respectively, and were identical to 
document B. To manage data collection sheets, document A included a specific 
unique identifying code. Participants were required to save, and label all ensuing 
documents with this code. Thus, only complete data sets (i.e. documents A – D, 
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labelled with the same UIC) were analysed. All trials were completed within ~ 30 
minutes.  
6.3.4. The quantity and frequency of caffeine consumption questionnaire 
The quantity and frequency of caffeine consumption questionnaire (Heinz et al., 2009) 
involved participants disclosing their age, gender, primary mode of physical activity 
and habitual CAF consumption (e.g. how many CAF beverages were consumed on a 
daily basis and for how many years) (Appendix 9.10). Initially, to help participants 
inform responses, some examples of typical CAF beverages and the content of CAF 
(e.g. approximate amount of CAF (mg) per ml of solution) contained in these, was 
provided. However, due to only a handful of participants (<10) disclosing information 
regarding the content of CAF consumed, only information with respect of the quantity 
of CAF beverages consumed was assessed following data dissemination.  
6.3.5. The Caffeine expectancies questionnaire (CEQ) 
The CEQ (Heinz et al., 2009) is a 37-item self-report questionnaire which assesses 
expectancies across a range of subscales including: withdrawal symptoms, positive 
effects, negative effects, and mood states (Appendix 9.11). The CEQ was considered 
more user friendly versus the CaffEQ (i.e. this questionnaire involved 10 fewer 
questions and the research team generally considered the CEQ easier to interpret). If 
participants were naive to CAF use, they were advised to base responses on their 
expectancies. Each item was evaluated using a scale of ‘strongly disagree’ to ‘strongly 
agree’ with each rating ascribed a numerical unit (1 = strongly disagree, 2 = somewhat 
disagree, 3 = somewhat agree, 4 = strongly agree). The average of responses for 
each sub scale was subsequently used during data dissemination. The CEQ 
represents good internal consistency (0.87 – 0.91) and construct validity (0.95 – 0.98). 
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For a full overview of the construction, validity and reliability process associated with 
CEQ, see Heinz et al. (2009). 
 
6.3.6. Readiness to invest physical and mental effort  
Readiness to invest physical (RTIPE) and mental (RTIME) effort (Duncan et al., 2012) 
was explored at various time points using 100 mm VAS with higher scores 
representing greater readiness to invest effort (Appendix 9.12). Participants were 
encouraged to base their responses on how they felt at the time each scale was 
administered. For ease of interpretation following data dissemination, participants 
were encouraged to use a single vertical line when responding here.  
6.3.7. BRUMS 
The Brunel Mood Scale (Terry et al., 2003; Table 5.2; Appendix 9.3) assessed 
participant mood states across both experimental chapters. The BRUMS consists of 
24 items equally arranged into six subscales (anger, confusion, depression, fatigue, 
Table 6.1. The caffeine expectancies questionnaire (CEQ) subscales and 
corresponding questions  
The items in each subscale were as follows: 
Withdrawal symptoms: 17, 24 - 29, 33 - 36 
Positive effects: 1, 4 - 8, 18, 22, 23, 32, 37 
Negative effects: 2, 3, 11, 13, 15, 19-21 
Mood states: 9, 10, 12, 14, 16, 30, 31 
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tension, and vigour) and took approximately 1-2 minutes to complete. Participants 
were required to rate each item on a subscale of ‘not at all’ – ‘extremely’ with each 
rating entailing a corresponding numerical, arbitrary unit (0 = not at all, 1 = a little, 2 = 
moderately, 3 = quite a bit, 4 = extremely). The sum of responses for each subscale 
was subsequently divided by 4 to provide a final score. Participants were instructed to 
base their responses on how they felt at each point BRUMS was administered. The 
BRUMS has high reliability and validity (Terry et al., 2003). 
To improve the reliability of responses, the purpose and use of all perceptual 
measures employed within this thesis were explained and demonstrated to 
participants (Noble & Roberton, 1996). The objective here was to enhance subjective 
familiarity to the perceptual measures employed so the influence of learning effects 
was minimised prior to experimental data collection. To assist in achieving this 
objective, these measures were also implemented across all familiarisation sessions.  
Table 5.2. The Brunel mood scale (BRUMS) subscales and corresponding 
questions  
The items in each subscale were as follows: 
Anger:  annoyed, bitter, angry, bad tempered (7, 11, 19, 22) 
Confusion:  confused, mixed up, muddled, uncertain (3, 9, 17, 24) 
Depression: depressed, downhearted, unhappy, miserable (5, 6, 12, 16) 
Fatigue:  worn out, exhausted, sleepy, tired (4, 8, 10, 21) 
Tension:  panicky, anxious, worried, nervous (1, 13, 14, 18) 
Vigour: lively, energetic, active, alert (2, 15, 20, 23) 
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6.3.8. Statistical analysis 
Quantitative statistical analysis was completed using SPSS (v25, IBM Corp, Armonk, 
New York, USA). Prior to choosing the appropriate parametric test (i.e. paired samples 
t-tests) normality (Shapiro-Wilk) of data was checked. If data was non-normally 
distributed the non-parametric equivalent for each test was selected (e.g. Wilcoxon 
Signed-Rank Test) to minimise any statistical error (Field, 2005). the effect size (ES) 
(Cohen’s d) was calculated using the difference in means divided by the pooled SD of 
the compared values for normally distributed data (Nakagawa & Cuthill, 2007), and Z 
/ √ n for non-normally distributed data (Ivarsson et al., 2013). According to Cohen 
(1992) ES may be categorised using the following thresholds: Small effect size: 0.1 – 
0.3; moderate effect size: 0.3 – 0.5; large effect size: 0.5 – 1.0. Data is presented as 
mean ± standard deviation unless otherwise stated. The statistical threshold was set 
at P ≤ 0.05. Where applicable, exact P values are presented (Higgins et al., 2014; 
Higgins et al., 2016).  
6.4. Results 
6.4.1. Participant characteristics  
Based upon CEQ responses, individuals represented participation across 21 
variations of sport and/or exercise (figure 6.1). However, 19 (~ 6%) participants did 





Figure 6.1. Types of physical activity represented by participants (‘Other’ signifies 
types of physical activity represented by equal to or less than 5 participants (i.e. Gym 
(5); Tennis (3); Badminton, Cycling, Golf, Lacrosse (2); Hockey, Quidditch, Table 
tennis (1)). 
Moreover, as demonstrated by CEQ findings (tables 6.2 & 6.3), CAF expectancies 
were similar at all time points across both trials. Notably, although individuals 
represented limited CAF expectancies for withdrawal symptoms, negative effects 
and/or mood states (i.e. a score of 2 represents ‘somewhat disagree’), positive 
expectancies were exhibited (i.e. a score of 3 represents ‘somewhat agree’). 
Specifically, positive expectancies were associated with questions assessing CAF’s 
influence on various cognitive and/or somatic attributes, including alertness, 












Soccer Weightlifting Walking N/A Rugby Running
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6.4.2. Main findings  
With the exception of fatigue, mood effects, RTIME and RTIPE for PLA, and 
withdrawal symptoms, RTIME and RTIPE for CAF, no significant differences (p>0.05) 
were observed from baseline versus post-intervention across any measures assessed 
in this study (tables 6.2 & 6.3). Moreover, only RTIME and RTIPE represented 
absolute changes and these effects were observed across both conditions. However, 
the effect size here was considered small (ES=0.1).  
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* denotes p<0.05 
 
 
Table 6.2. Comparison of scores from baseline versus post-intervention for PLA ((1) and (2) = measures 








% change p value Effect size 
(1) Anger 0 ± 1 0 ± 1 0 0 0.369 0. 
(1) Confusion 0 ± 0 0 ± 0 0 0 0.060 0. 
(1) Depression 0 ± 1 0 ± 1 0 0 0.632 0. 
(1) Fatigue 1 ± 1 1 ± 1 0 0 0.022 * 0. 
(1) Tension 0 ± 0 0 ± 0 0 0 0.784 0. 
(1) Vigour 2 ± 1 2 ± 1 0 0 0.376 0. 
(2) Withdrawal symptoms 2 ± 1 2 ± 1 0 0 0.763 0. 
(2) Positive effects 3 ± 1 3 ± 1 0 0 0.298 0. 
       (2) Negative effects 2 ± 1 2 ± 1 0 0 0.356 0. 
       (2) Mood effects 2 ± 1 2 ± 1 0 0 0.028 * 0. 
Readiness to invest mental effort  48 ± 25 50 ± 25 2 4 < 0.001 * 0.1 




In accord with the profile of participants used in experimental study 1 (chapter 5), a 
sub analysis was performed on male soccer players only. One hundred and fifteen 
individuals (22 ± 4 years; 2 ± 1 CAF beverages per day across 4 ± 3 years) were 
 
Table 6.3. Comparison of scores from baseline versus post-intervention for CAF ((1) and (2) = measures 








% change p value Effect size 
(1) Anger 0 ± 1 0 ± 1 0 0 0.862 0. 
(1) Confusion 0 ± 0 0 ± 0 0 0 0.536 0. 
(1) Depression 0 ± 1 0 ± 1 0 0 0.769 0. 
(1) Fatigue 1 ± 1 1 ± 1 0 0 0.760 0. 
(1) Tension 0 ± 0 0 ± 0 0 0 0.151 0. 
(1) Vigour 2 ± 1 2 ± 1 0 0 0.991 0. 
(2) Withdrawal symptoms 2 ± 1 2 ± 1 0 0 0.011 * 0. 
(2) Positive effects 3 ± 1 3 ± 1 0 0 0.638 0. 
      (2) Negative effects 2 ± 1 2 ± 1 0 0 0.204 0. 
       (2) Mood effects 2 ± 1 2 ± 1 0 0 0.050  0. 
Readiness to invest mental effort 50 ± 25 52 ± 25 2 4 < 0.001 * 0.1 
Readiness to invest physical effort 51 ± 25 53 ± 25 2 4 < 0.001 * 0.1 
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included here and presented similar anthropometric characteristics to the broader 
participant cohort used within this study. Individuals also displayed similar 
expectancies across all four subscales of the CEQ (i.e. positive effects 3 ± 1; and 
withdrawal symptoms, negative effects, and mood effects: 2 ± 1) with no changes 
across baseline and post-intervention scores. With the exception of mood effects 
(p=0.029) and RTIME (p<0.001) for PLA and mood effects (p=0.021) RTIME (p=0.012) 
and RTIPE (p<0.001) for CAF, no significant differences were observed across any 
other measures, when comparing baseline versus post-intervention. Once more, with 
the exception of RTIME and RTIPE, the absolute changes and ES scores across these 
variables were nil. PLA and CAF represented negligible increases in RTIME and 
RTIPE (~ 2 scores greater at post-intervention) for post-intervention versus baseline, 
respectively. Moreover, the effect size across these comparisons was considered 
small (ES=0.1). Thus, limited findings were observed across all analyses performed 
within this study.  
6.5. Discussion 
This study aimed to validate the videos and adapted versions of the manuscripts 
(section 5.3.15) used during experimental study 1 (chapter 5) in modulating 
expectancies for CAF erogenicity or neutralising expectancies for PLA. Irrespective of 
participants displaying positive expectancies and being habitual CAF consumers, no 
meaningful differences were observed across any measures for either treatment, 
when assessing changes from baseline and post-intervention. This lack of effect may 
be related to environmental factors, whereby individuals completed trials in 
classrooms and/or a home cinema, prior to lectures/seminars and/or social 
interactions, respectively. As such, the expectancy modulating techniques used may 
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have been more influential alongside perceptions for CAF consumption and 
implementation of an external stimulus which CAF may have benefited (e.g. exercise 
performance). These factors may have provided a greater immediate importance for 
CAF.  
Foad et al. (2008) also utilised two expectancy modulating techniques. These were 
PLA capsules perceived to contain 5 mg/kg/BM CAF, and a 90-minute presentation 
outlining CAF’s benefits on cycling performance. Belief of CAF consumption resulted 
in a possibly beneficial (0.7 – 1.4%) increase in MPO versus CON, after 14 recreational 
cyclists completed laboratory based 40 km cycling time trials. Although a successful 
deception was confirmed the influence of expectancy modulating techniques here was 
unknown. Alternatively, augmented beliefs may have been associated with the lab 
coat effect (Moerman & Jonas, 2002). Specifically, environmental and/or perceptual 
cues associated with CAF consumption and/or exercise performance possibly 
catalysed expectancies, especially as CAF’s benefits on cycling performance were 
outlined prior to exercise. Likewise, the improvement in TLIM for psychology versus 
pharmacology reported in experimental study 1 (chapter 5) may have been driven by 
expectancy modulating techniques, however, expectancies for CAF consumption and 
exercise performance were likely provided additional importance here.  
Although such ramifications are yet to be explored across sport and exercise, within 
medicine, the remedial efficacy of interventions employed by clinical health specialists 
(e.g. doctors, physiotherapists, psychiatrists etc.) often depend on the initial diagnosis, 
immediate environment and trust in practitioner (Beedie et al., 2018; Benedetti et al., 
2013; Blumhagen, 1979; Moerman & Jonas, 2002). For example, due to expectancies 
for medicinal expertise, medicine administered by an individual wearing a white lab 
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coat and a stethoscope will likely be more efficacious versus an individual wearing 
casual clothing (Moerman & Jonas, 2002). Medicinal efficacy is likely even greater 
when administered in a hospital, as hospitals are typically associated with healing. 
However, if the initial context of illness is void, then the aforementioned may be 
deemed irrelevant. In comparison, the influence of expectancy modulating techniques 
may be greater when administered by a sports scientist, in an exercise environment, 
however, the context for CAF consumption and exercise/cognitive performance may 
be necessary (Shabir et al., 2018).  
Fillmore and Vogel-Sprott (1992) indicate expectancy modulating techniques of 
greater saliency will augment beliefs to a larger extent versus less salient methods. 
However, this notion was made after individuals had perceived to consume CAF and 
completed a task related to psychomotor performance. Participants showcasing 
positive expectancies achieved more successful hits and fewer false alarms after 
watching what was described as a strong dose of coffee being brewed, versus 
individuals displaying neutral and/or negative expectancies. In support, the literature 
review performed in section 2.8 (Shabir et al., 2018) suggests visually stimulating 
expectancy modulating techniques always induced a performance effect across both 
cognitive and exercise performance. However, all studies in support of this notion also 
involved perceived CAF consumption and implementation of a performance measure 
(Fillmore & Vogel-Sprott, 1992; Foad et al., 2008; Oei & Hartley, 2005) therefore an 
added importance with respect of the function of expectancies was provided.  
Moreover, following the provision of reading material explaining CAF ergogenicity, 
sport and exercise performance was always improved, though cognitive performance 
was not (Shabir et al., 2018). In a study by Duncan (2010), 12 habitual CAF consuming 
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(e.g. ~ 250 mg per day), trained, male cyclists were provided literature reviewing CAF’s 
ergogenic benefits on high intensity exercise performance. Subsequent improvements 
in peak power output of 59.5w and 48.9w and RPE (~ 1 score) were observed for 
given PLA/told CAF and given CAF/told PLA versus given PLA/told PLA conditions, 
during a 30 s Wingate test. The benefits here may have been facilitated by a potential 
relationship between habitual CAF consumption and expectancies (Beedie et al., 
2018). This notion is supported by the current study, whereby individuals were 
considered habitual CAF consumers and displayed positive expectancies. However, 
in contrast, a combination of both visual and written expectancy modulating techniques 
had no influence on any variables assessed within the current study. Once more, the 
most notable differentiating factors here were the absence of perceived CAF 
consumption and a performance measure.  
Alternatively, for some studies the general lack of expectancy/performance effect 
(Schneider et al., 2006; Walach et al., 2001; Walach et al., 2002) may be explained 
by methodological limitations. For example, 15% and 11% of participants in Walach et 
al. (2001) and Walach et al. (2002) respectively, guessed the deception employed, 
and this may be associated with the use of a 5-minute ingestion period. This issue was 
likely exacerbated in Walach et al. (2001), as individuals were considered habitual 
CAF users and may have held an appreciation for the time taken for optimum CAF 
metabolism (~ 60 min) (Pickering & Kiely, 2018). Moreover, participants across both 
studies also indicated a lack of understanding for the performance measures 
employed. For example, 20% of participants in Walach et al. (2001) had never played 
video games, whilst 28% had not worked with a computer before and this may have 
downregulated the perceived importance of CAF from a psychosocial perspective. 
These findings represent another interesting implication when aiming to initiate and/or 
153 
 
augment expectancies, that is, the potential relationship between the performance 
measure employed and its subjective importance to the participants used. For 
example, the performance benefits across simulated soccer performance in chapter 
5, cycling performance in Beedie et al. (2006) and Foad et al. (2008) and resistance 
exercise in Duncan et al. (2009) and Duncan, (2010) were observed in recreational 
soccer players, trained and/or recreational cyclists, and resistance trained individuals, 
respectively. Alternatively, the discrepancies across cognitive performance in Walach 
et al. (2001) (2002) could be explained by the saliency of expectancy modulating 
techniques used.  
6.6. Limitations 
In comparison to experimental study 1 (chapter 5), whereby expectancy effects were 
observed following implementation of the same modulating techniques used here, a 
lack of perception for CAF consumption and exercise/cognitive performance was 
apparent. Thus, environmental, perceptual and/or psychosocial factors are likely 
important in potentially catalysing beliefs. In absence of such context, the influence of 
expectancy modulating techniques may be limited. Therefore, to more reliably validate 
the influence of these techniques, future studies should utilise environmental and/or 
psychosocial conditions that provide an immediate importance for CAF (e.g. those 
conditions associated with sport, exercise and/or cognitive performance) and belief of 
CAF consumption.  
Moreover, although participants were instructed not to communicate and/or discuss 
their responses with each another, the number of individuals partaking at a time made 
this impossible to confirm. However, this issue was likely negligible as no account of 
such an occurrence was documented. Moreover, participants were verbally instructed 
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not to communicate with anybody else during data collection. Therefore, the relative 
importance of achieving a large enough sample size took precedence. Furthermore, 
the logistical feasibility of single participant and/or smaller group exploration may prove 
inefficient, especially when working towards deadlines. 
In contrast to experimental study 1 (chapter 5), through implementation of the quantity 
and frequency of caffeine consumption questionnaire information regarding individuals 
habitual CAF consumption was obtained. However, although participants were 
encouraged to quantify an approximation of the CAF content contained in these 
beverages, less than 10 participants complied here. Therefore, only the total amount 
of CAF beverages consumed were assessed. However, the total CAF content 
contained in these beverages was unknown. 
Various inter-individual factors (e.g. personality traits (Tallis et al., 2016), cultural and 
psychosocial differences (Langdridge, 2007, Moerman & Jonas, 2002), vicarious and 
lived experiences (Bandura, 1997)) were not measured across the current study and 
could significantly influence the effectiveness of expectancy modulating techniques 
and the overall efficacy of CAF expectancies. Therefore, future research will benefit 
from acknowledging the aforementioned factors in conjunction with those assessed in 
the current study (Habitual CAF consumption, CAF expectancies, BRUMS, RTIME, 
RTIME etc.) as this will shed further light with respect of the mechanisms by which 
CAF expectancies exert any benefit. 
6.7. Conclusion 
Although participants were considered habitual CAF consumers and displayed 
positive expectancies, no meaningful differences were observed across any measures 
for either treatment, when assessing mean changes from baseline and post-
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intervention. Although this effect was hypothesised for PLA, the nil scores at baseline 
indicate that PLA did not neutralise expectancies but instead these were low from the 
beginning. Alternatively, this lack of effect is likely due to environmental factors, 
whereby an immediate importance for CAF was devoid as was the perception of CAF 
consumption. Thus, future studies aiming to validate expectancy modulating 
techniques should contextualise an immediate importance for CAF, and this may be 
achieved by replicating environmental and/or psychosocial conditions associated with 
sport, exercise and/or cognitive performance (e.g. the utilisation of a performance 
measure, testing performed in the field and/or a laboratory etc.) and perceived CAF 
consumption. However, although the aforementioned factors may be necessary to 
promote an initial psychosocial context, various inter-individual factors (e.g. 
personality traits (Tallis et al., 2016), cultural and psychosocial differences 
(Langdridge, 2007, Moerman & Jonas, 2002), vicarious and lived experiences 
(Bandura, 1997), the mode of CAF administration, trust in practitioner (Beedie et al., 
2018; Benedetti, 2013; Moerman & Jonas, 2002) may further influence any effect and 




Chapter 7. General conclusion 
The purpose of the following chapter is to summarise the key methodological, 
theoretical, and applied implications indicative of the body of work entailed within this 
thesis. Moreover, the limitations of the current body of research are assessed whilst 
ideas are suggested with respect of potential avenues for future research.  
7.1. The premise of the current thesis   
The PLA effect may be defined as a desirable outcome resulting from a person’s 
expected and/or learned response to a treatment or situation’ (Beedie et al., 2018; 
p.2). The PLA effect is highly affected by an individual’s expectancies (Kirsch, 1997) 
and has been implicated within sport and exercise nutrition, specifically in relation to 
ergogenic aids (Beedie et al., 2006; Higgins & Shabir, 2016; Maganaris et al., 2000). 
Caffeine is the most frequently used ergogenic substance in sport (Beedie & Foad, 
2009; Del Coso et al., 2012; Elliman et al., 2010; Harrell & Juliano, 2009; McDaniel et 
al., 2010; Saunders et al., 2017). Although the ergogenic benefits associated with CAF 
appear to be driven by pharmacological mechanisms including adenosine receptor 
antagonism and augmented central nervous and peripheral tissue stimulation, generic 
CAF intervention studies fail to account for CAF’s potential psychological impact (e.g., 
changes in motivation, determination, belief, mood states, etc.) which is likely driven 
by expectancies for CAF ergogenicity. Indeed, the psychological permutations 
associated with CAF consumption represent significantly reduced risks to health states 
for some populations and have been observed to enhance various attributes that may 
facilitate improvements in sport and exercise performance (e.g. strength and power 
output (Beedie et al., 2006; Duncan et al., 2009); exercise capacity (Brietzke et al., 
2017; Pires et al., 2018); alertness and concentration (Fillmore & Vogel-Sprott, 1992) 
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etc.). Only 19 studies utilised a primary research aim in assessing the influence of 
CAF expectancies on sport, exercise, and cognitive performance. These studies are 
critically evaluated via a systematic review and meta-analysis within section 2.8 and 
chapter 3. The results of the systematic review and meta-analysis support the notion 
that CAF expectancies may significantly benefit sport and exercise performance (i.e. 
all studies displayed a statistically significant benefit for CAF expectancies vs. PLA 
and/or CON) and this effect may have practical implications as observed by a 
moderate effect size (ES=0.4) (Berdi et al., 2011; Cohen, 1992). Various 
methodological limitations were noted across these studies which may have affected 
the reliability of findings. These methodological components are further expanded 
upon later in this section. Briefly, only two studies utilised a mixed-methods design 
(Beedie et al., 2006; Duncan, et al., 2009) which is imperative in exploring the 
performance related effects and subjective mechanisms associated with CAF 
expectancies, in concurrence. Moreover, no study utilised the mixed methods 
approach in conjunction with the double-dissociation design which permits direct 
isolation and comparison of CAF’s pharmacological and psychological effects. 
Furthermore, the lack of benefit for cognitive performance may be due to 
implementation of the between-subjects design and the use of participants who did 
not appear to have any experience and/or interest in the performance measure 
employed. Subjective experience and/or interest in the performance measure 
assessed may be important in facilitating efficacious beliefs for CAF ergogenicity. This 
is evidenced in meta-analysis A, whereby all studies (with the exception of Tallis et al. 
(2016)) used participants who had prior experience and therefore a possible interest 
in the performance measures assessed. Finally, no study (i.e. generic CAF 
intervention studies and/or studies with a primary aim of exploring CAF expectancies) 
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has yet directly assessed the influence of CAF’s psychological permutations on games 
sports activities including soccer performance.  
As such, experimental study 1 (chapter 5) compared the influence of expectancy 
associated with oral CAF consumption versus CAF’s pharmacological effect on 
various facets of simulated soccer performance and perceptual states. This was 
achieved by ensuring the aforementioned methodological limitations were taken into 
consideration during the design of study 1. Thus, this is the first study to utilise the 
double-dissociation design in conjunction with a mixed methods approach when 
exploring the influence of CAF expectancies across sport, exercise, and cognitive 
performance. Moreover, a within-subjects design was employed whilst the chosen 
participant cohort entailed recreationally active soccer players.  
7.2. A summary of study 1 - The influence of caffeine expectancies on simulated 
soccer performance in recreational individuals 
This study aimed to evaluate CAF’s pharmacological versus psychological influence 
on various aspects of simulated soccer performance and perceptual states. The 
aforementioned was achieved via implementation of a mixed methods approach and 
the double-dissociation design. It was hypothesised in comparison to a placebo (i.e., 
given PLA/told PLA), synergism (given CAF/told CAF) would instigate the greatest 
benefit on all facets of simulated soccer performance, although when isolated, CAF 
psychology (given PLA/told CAF) would prove of greater efficacy versus CAF 
pharmacology (given CAF/told PLA) and any improvements would be driven by 
enhanced perceptions.  
Eight, male, recreational soccer players consumed CAF (3 mg/kg/body mass) or PLA 
capsules, 60 minutes prior to performing the Loughborough Intermittent Shuttle Test 
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(LIST) (Nicholas et al., 2000) interspersed with collection of ratings of perceived 
exertion (RPE) (Borg, 1982), blood glucose (BG) and lactate (BLa), heart rate (HR) 
and performing the Loughborough Soccer Passing Test (LSPT) (McGregor et al., 
1999). Reaction Time (BATAK) was assessed pre and post, and exercise capacity 
(TLIM) post, time matched LIST. Mood states were assessed at pre-and post-ingestion 
and at the end of trials via the Brunel Mood Scale (BRUMS) (Terry et al., 2003). A 
manuscript and brief video highlighting CAF’s benefits on exercise performance were 
used during told CAF conditions. In contrast, the manuscript and video used during 
told PLA conditions were designed to have minimal impact on perceptual states. 
These manuscripts/videos were re-administered within the first 5 minutes of the half-
time interval. Caffeine expectancies were explored using the Caffeine Expectancies 
Questionnaire (CaffEQ) (Huntley and Juliano, 2012) at the end of experimental trials 
1 and 3 whilst subjective experiences were recorded using a Dictaphone and later 
analysed via template analysis (Brooks et al., 2015) at the end of experimental trials 
2 and 4.  
The key results of study 1 indicated that TLIM was greatest for synergism (672 ± 132 
s) versus placebo (533 ± 79 s). Though, in isolation, TLIM was greater for CAF 
psychology (623 ± 117 s) versus pharmacology (578 ± 99 s). Interestingly, all 
participants ran longer during psychology versus pharmacology, with seven 
individuals displaying greater improvements versus their subjective mean score (i.e. 
the combined, mean score of all four experimental trials). The magnitude of effect here 
was similar to that displayed in meta-analysis A (ES=0.4). Although post-exercise 
RPE, HR, (BLa) and (BG) were similar, when these variables were divided by TLIM a 
trend of reduction was observed for synergism followed by psychology, pharmacology, 
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and placebo. Thus, CAF expectancies likely facilitated TLIM by mediating perceptual, 
cardiovascular and/or haematological strain.  
Indeed, told CAF conditions generally facilitated greater TLIM versus told PLA and this 
was irrespective of whether individualistic perceptions (as explored via template 
analysis) for CAF ergogenicity were positive or negative (Smirmaul et al., 2013). 
Hence, CAF expectancies appeared to be the greatest mediating factor here with any 
benefits generally mediated by reduced RPE. Interestingly, following template analysis 
of subjective experiences it appeared that positive perceptions for told CAF conditions 
may impair BATAK performance via potential CAF over reliance (Shabir et al., 2018; 
Tallis et al., 2016). In contrast, negative perceptions possibly facilitated BATAK 
performance via augmented conscious effort (Harrell & Juliano, 2009; Shabir et al., 
2018; Tallis et al., 2016). A similar trend to BATAK was observed for LSPT 
performance (i.e. told CAF treatments improved LSPT performance when individuals 
exhibited negative perceptions, whilst the opposite occurred following positive 
perceptions). Thus, the benefits associated with CAF expectancies may better suit 
tasks that entail lesser cognitive/skill specific attributes but greater gross motor 
function and this is likely due to reduced RPE. In isolation, these effects appear greater 
versus CAF pharmacology. However, an additive benefit may be observed after 
combining expectancy with CAF pharmacology (i.e. synergism). Given these findings, 
expectancies may need to be modulated to an optimum point during cognitive based 
tasks (i.e. much like the inverted U-hypothesis proposed by Yerkes & Dodson (1908)) 
and this point will differ subjectively, due to the individualistic nature of perceptions. 
Given the potential difficulty in achieving this, CAF expectancies might not be 
appropriate during soccer performance and other game sports activities that involve a 
significant cognitive demand, due to potential CAF over-reliance (Tallis et al., 2016). 
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Alternatively, CAF expectancies may better suit tasks that involve significant gross 
motor function but minimal cognitive requirements (e.g. long-distance running, 
weightlifting, cycling etc.) and any effects may be mediated by reductions in perceptual 
effort (Del Coso et al., 2012; Duvnjak-Zaknich et al., 2011; Duncan et al., 2009).  
After completing data collection pertaining to study 1, it became apparent that the 
techniques used to modulate expectancies across told CAF/PLA conditions here and 
across any other study with a primary aim of exploring the influence of CAF 
expectancies on sport, exercise and/or cognitive performance, require validation. 
Thus, no previous studies have ever validated the techniques used to modulate 
expectancies and this was the premise of experimental study 2 (chapter 6). 
7.3. A summary of study 2 - Validation of techniques used to modulate 
expectancies, associated with caffeine and placebo 
To validly compare CAF’s psychological versus pharmacological effects, the double-
dissociation design should be utilised. Though, the effectiveness of this design 
depends on successfully manipulating participant beliefs in accordance with the 
experimental condition (i.e. participants should believe they have ingested PLA during 
‘told PLA’ and CAF during ‘told CAF’ conditions). To assist in achieving this, 
expectancy modulating techniques are utilised. However, no studies have attempted 
to validate these techniques. Thus, the purpose and novelty of study 2 was to validate 
the videos and adapted versions of the manuscripts used during experimental study 1 
(chapter 5) (section 5.3.15) in enhancing expectancies for CAF ergogenicity or 
neutralizing expectancies for PLA (i.e. told CAF or PLA conditions, respectively). It 
was hypothesised that CAF expectancies would initiate improvements across all 
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perceptual measures employed within this study when compared to baseline, though 
no effect would be observed for PLA (Saunders et al., 2017).  
Utilising a within-subjects design, 396 recreationally active individuals disclosed 
anthropometric details including habitual CAF consumption (via the quantity and 
frequency of caffeine consumption questionnaire (Heinz et al., 2009)), before 
completing the following baseline measures: caffeine expectancies questionnaire 
(CEQ) (Heinz et al., 2009), BRUMS and readiness to invest physical (RTIPE)  and 
mental effort (RTIME) (Duncan et al., 2012). The appropriate intervention (i.e. 
manuscripts and videos associated with told CAF and/or PLA treatments) was then 
initiated before individuals completed all measures recorded at baseline once more. 
The subsequent trial was performed at least one week later and was conducted 
similarly but involved the alternate experimental manipulation.  
The key findings of study 2 indicated no meaningful differences were observed across 
any measures for either treatment, when assessing changes from baseline and post-
intervention. This was irrespective of participants being habitual CAF consumers (2 ± 
1 CAF beverages per day across 3 ± 3 years) and displaying positive CAF 
expectancies across the entirety of this study. In accordance with the profile of 
participants used in study 1, a sub analysis was performed on male soccer players 
only. One hundred and fifteen individuals were included here and presented similar 
anthropometric characteristics to the broader participant cohort used within study 2. 
Individuals also displayed similar expectancies across all four subscales of the CEQ 
(i.e. positive effects 3 ± 1; and withdrawal symptoms, negative effects, and mood 
effects: 2 ± 1) with no changes across baseline and post-intervention scores. Once 
more, this sub analysis resulted in no meaningful differences across any measures for 
either treatment when assessing changes from baseline versus post-intervention.  
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This lack of effect may be related to environmental factors, whereby individuals 
completed trials in classrooms and/or a home cinema, prior to lectures/seminars 
and/or social interactions, respectively. This is in contrast to study 1 whereby 
participants were administered the appropriate expectancy modulating techniques 
after they had perceived to consume PLA or CAF within an environment that 
necessitated an immediate importance for CAF (e.g. prior to performing LSPT, BATAK 
, TLIM etc.). These factors may have provided a greater immediate importance for CAF 
and therefore enhanced CAF ergogenicity. Thus, future studies aiming to validate 
expectancy modulating techniques should provide a greater immediate importance for 
CAF and this may be achieved by replicating environmental and/or psychosocial 
conditions associated with sport, exercise and/or cognitive performance (e.g. the 
utilisation of a performance measure, testing performed in the field and/or a laboratory 
etc.) and perceived CAF consumption. Although the aforementioned factors may be 
necessary to promote an initial psychosocial context, various inter-individual aspects 
(e.g. personality traits (Tallis et al., 2016), cultural and psychosocial differences 
(Langdridge, 2007, Moerman & Jonas, 2002), vicarious and lived experiences 
(Bandura, 1997), the mode of CAF administration, trust in practitioner (Beedie et al., 
2018; Benedetti, 2013; Moerman & Jonas, 2002) may further influence any effect and 
should be acknowledged.  
7.4. Methodological implications  
Based on the body of research contained within this thesis, various methodological 
considerations should be made during the design of future studies assessing the 
influence of CAF expectancies across sport, exercise and cognitive performance, in 
order to optimise the magnitude of knowledge obtained. 
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There remains a severe under representation of the mixed methods design in the 
literature pertaining to the phenomenon of CAF expectancies on sport, exercise, and 
cognitive performance. The mixed methods design is fundamental to validly compare 
CAF’s psychological versus pharmacological impetus. Prior to this thesis, only two 
other studies (Beedie et al., 2006; Duncan et al., 2009) have implemented the mixed 
methods design. However, in contrast to the current thesis, these studies do not 
provide any detailed account of the qualitative methods used, nor do they provide 
evidence with respect of utilising an epistemological framework or implementing 
reflective practice(s). Indeed, implementation of these methods will improve the 
excellence of the qualitative process and the associated findings (Kaptchuk, 2003). A 
mixed methods approach entails quantitative analysis of the performance parameters 
employed but also qualitative exploration of the psychological permutations 
associated with CAF (Clark & Creswell, 2004; Creswell, 2004). In conjunction this 
permits triangulation of distinctly different yet complimentary data sets to inform 
greater knowledge with respect of the phenomenon under investigation. The 
psychological permutations associated with CAF may be explored via the use of 
questionnaires (McClung & Collins, 2007), visual analogue scales (Duncan et al., 
2009), and verbal feedback mechanisms (Beedie et al., 2006). Participant 
expectancies may be influenced by a host of experimental and non-experimental 
parameters and should therefore be considered dynamic in nature and explored 
across studies as the experiences during one trial may affect subsequent trials 
(Saunders et al., 2017). Prior to this PhD, only two studies had previously utilised a 
mixed methods design during exploration of CAF expectancies on sport and exercise 
performance (Beedie et al., 2006; Duncan et al., 2009). Two semi-structured 
interviews (i.e. before and after the experimental deception was revealed) were 
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conducted during Beedie et al. (2006) and these explored participant expectancies 
and were subsequently analysed using inductive content analysis (Jackson, 1995). In 
contrast, participants in Duncan et al. (2009) were asked three questions following the 
completion of all trials. These were: 1.)  “Please identify which trial was the trial where 
caffeine was consumed, and which was the trial where the placebo was consumed.” 
2.) , “Please could you explain why you believe this to be the case” and 3.) “Are there 
any other reasons why you think this was the case.”  However, in contrast to 
experimental study 1 (chapter 5), these studies do not provide any detailed account of 
the qualitative methods used nor do they provide evidence with respect of utilising an 
epistemological framework or implementation of reflective practice(s). Indeed, 
application of these methods will improve the excellence of the qualitative process and 
the associated findings (Kaptchuk, 2003).  For example, a detailed account of the 
qualitative methods used allows for critical evaluation and greater trust regarding the 
validity and/or reliability of data collected, whilst researcher reflexivity helps to heighten 
an awareness of the practitioners own pre-conceived ideologies and the potential 
influence these may have during qualitative exploration.  
Exploration of subjective perceptions across experimental study 1 (chapter 5) was 
achieved via the use of various questionnaires (e.g. CaffEQ, BRUMS etc.), the 15-
point (6–20) category Borg scale (Borg, 1982) and most notably via template analysis 
of monologues which were recorded on a Dictaphone. Although this method proved 
useful in exploring subjective perceptions and experiences, future studies should 
employ semi-structured interviews (Beedie et al., 2006). Semi-structured interviews 
offer consistency whilst also providing the researcher greater flexibility when querying 
individualistic experiences which would allow for further exploration of the subjective 
notions made (Langdridge, 2007). However, as exhibited in experimental study 1 
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(chapter 5), research questions should be open ended and broad to ensure the 
participant is not lead towards any specific response but instead allowed to articulate 
a complete, exploratory response. Subsequently, semi-structured interviews may 
provide more information regarding the perceptual mechanisms associated with CAF 
versus the use of structured monologues, as utilised in experimental study 1 (chapter 
5) (Dunn, 2005).  
In addition to a mixed methods approach, the double-dissociation design should also 
be utilised. The double-dissociation design is considered the most suitable design 
when exploring CAF’s psychological versus pharmacological influence (Beedie et al., 
2006; Shabir et al., 2018; Tallis et al., 2016). When compared to experimental designs 
non-inclusive of deceptive administration (e.g., traditional single-blind and double-
blind protocols whereby no feedback is provided with respect of what treatment 
participants have consumed), participant beliefs are intentionally manipulated in 
accordance with the experimental purpose, which reduces the discrepancy of 
individuals guessing which supplement they have ingested (Shabir et al., 2018). If 
uncontrolled, this might cause overlaps between CAF pharmacology and psychology, 
making it difficult to delineate the individual effects of these properties. In order to 
achieve this the double dissociation design entails four experimental conditions which, 
isolate CAF’s psychological and pharmacological effects, these are as follows:  
psychology (given PLA/told CAF), pharmacology (given CAF/told PLA), synergism 
(given CAF/told CAF) and placebo (given PLA/told PLA). However, if expectancies are 
not neutralised (i.e. any psychological effect here should be limited) during told PLA 
conditions pessimistic beliefs may initiate the occurrence of a nocebo response (i.e. 
downregulated expectancies and a debilitative psychological effect, e.g. decreased 
motivation, confidence etc.). The nocebo effect has been observed to overestimate 
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the PLA effect by causing greater disparity between expectancies and beliefs 
(Chavarria et al., 2017).  The inclusion of a fifth group (CON) which is not subjected to 
an experimental manipulation might assist with this issue. However, if beliefs are 
appropriately manipulated then this would not be necessary.  
Indeed, the success of the double-dissociation design is highly dependent on 
manipulating subjective perceptions across each experimental condition. 
Expectancies are mediated by a variety of factors including the perception of 
symptoms and/or side effects (Dawkins et al., 2011; Elliman et al., 2010; Saunders et 
al., 2017; Fillmore & Vogel-Sprott, 1992) habitual CAF consumption (Oei & Hartley, 
2005; Tallis et al., 2016), personality traits (Tallis et al., 2016), cultural and 
psychosocial differences (Langdridge, 2007, Moerman & Jonas, 2002), vicarious and 
lived experiences (Bandura, 1997), environmental cues (Beedie et al., 2018; 
Benedetti, 2013; Moerman & Jonas, 2002) and the techniques used to manipulate 
beliefs (Shabir et al., 2018). Although all of these factors should be acknowledged, 
environmental cues and the techniques used to manipulate expectancies can be 
regulated with greater ease. Moreover, the findings of experimental study 2 (chapter 
6) were indicative of a relationship between these two factors. For example, although 
no effects were observed between treatments and/or time points, this study was 
performed in a non-sport specific environment and did not entail an outcome measure 
or include the perception that CAF had been consumed.  
As outlined previously, various inter-personal differences (e.g. personality traits, 
subjective optimism, motivation, confidence, cultural and psychosocial variances, 
vicarious and lived experiences etc.) may also affect the efficacy of CAF expectancies 
on sport, exercise and cognitive performance (Berdi et al., 2011). Qualitative and/or 
idiographic methods (e.g. semi-structured interviews and/or questionnaires etc.) could 
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be utilised to explore these factors (Beedie, 2007). However, if this is not achievable 
due to logistical issues (i.e. concerns with meeting deadlines, financial constraints, the 
implementation of too many outcome measures/questionnaires and associated 
reductions in the reliability of findings etc.) then the within-subjects study design should 
be employed as this eradicates issues associated with inter-personal variances that 
may impact the efficacy of CAF expectancies and the validity of between-treatment 
comparisons (Bandura, 1977; Bandura, 1982; Moerman & Jonas, 2002).  
The key limitation of experimental study 1 (chapter 5) was associated with not 
assessing habitual CAF consumption. Habitual CAF consumption has been advocated 
to influence subjective perceptions for CAF ergogenicity (Shabir et al., 2018). Fifteen 
out of the 19 studies assessed in section 2.8. utilised participants who were considered 
habitual CAF consumers and expectancy effects were observed in 12/15. Moreover, 
2/2 studies (Oei & Hartley, 2005; Tallis et al., 2016) observed an expectancy effect 
when individuals were considered habitual CAF consumers and displayed positive 
expectancies. Thus, it is imperative that future studies explore both habitual CAF 
consumption and CAF expectancies to acknowledge any potential relationship here 
and this may be achieved by using the quantity and frequency of caffeine consumption 
questionnaire and the CEQ (Heinz et al., 2009) in combination, as per experimental 
study 2 (chapter 6).  
7.5. Theoretical implications  
No previous studies with a primary aim of exploring the influence of CAF expectancies 
on sport, exercise and cognitive performance detailed an epistemological framework. 
Epistemology is the theory of knowledge and entails how and from which sources 
knowledge is obtained (McNamee & Morgan, 2015). Indeed, if practitioners 
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acknowledged the importance of an epistemological foundation during research this 
could aid components of the explorative process, including data collection, data 
analysis, critical reflection, and researcher reflexivity (Grecic & Collins, 2013). This 
thesis entailed a mixed method approach therefore epistemological features of both 
positivism and interpretivism are utilised. The fundamental premise for positivism 
comprises deduction whereby data is assessed objectively (i.e. using statistical 
analysis) which is in contrast to interpretivism whereby data is explored subjectively 
(i.e. template analysis). However, to minimise the influence of interpretive bias which 
can result in systematic errors including unreliable findings that are driven by a 
conscious and/or subconscious bias (Kaptchuk, 2003) reflective measures (section 
5.3.20) were considered and implemented within the current thesis to heighten an 
awareness of the practitioners own pre-conceived ideologies and the potential 
influence these may have during qualitative exploration.  
The psychobiological model of endurance performance (Pageaux et al., 2014; 
Pageaux & Lepers, 2016; Smirmaul et al., 2014) should be used as a framework when 
exploring how CAF expectancies may facilitate TLIM performance and/or any other 
exercise task with a significant reliance on gross motor function (e.g. cycling, 
weightlifting, rowing etc.). The psychobiological model of endurance performance 
indicates fatigue and exhaustion are consciously accessible processes which can be 
influenced by an individual’s level of subjective motivation and/or perceptual exertion 
and may significantly influence performance during open-loop exercise tasks (i.e. 
tasks with no known end point). Hence, an individual will actively engage in a task until 
the level of motivation required to continue, is unavailable, or the task is deemed 
perceptually impossible (Richter et al., 2016; Smirmaul et al., 2013; Smirmaul et al., 
2014).  Although TLIM was likely improved via potentially reduced RPE, motivation was 
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not explored across the current study. The psychobiological model of endurance 
performance posits an inverse relationship between motivation and perceived effort. 
In essence, as motivation increases, perceived effort decreases (Crewe et al., 2008). 
Alongside the prevalence of augmented perceptual fatigue, a lack of motivation may 
result in a greater prevalence of unintended thoughts (e.g. thoughts associated with 
tiring of the working muscles etc.) which are considered detrimental to exercise 
performance, and less prevalence of intended thoughts (e.g. thought processes that 
enhance motivation or deviate thinking from the perception of effort) with volition 
exhaustion often accompanied by a complete shift to unintended thoughts (Balague 
et al., 2013; Balague et al., 2015).  This notion is similar to Pennebaker's schema-
guided selective searching approach (Pennebaker, 1982) and more recently the 
possible top-down influence of placebos, as proposed by Pollo et al. (2008). Indeed, 
perceptual effort and motivation are key determinants of exercise tolerance. Therefore, 
future studies assessing the influence of CAF expectancies on tasks involving 
significant gross motor function should assess both of these constructs as this will 
provide greater clarity with respect of the mechanisms by which CAF potentially 
mediates any benefit here. As per experimental study 1 (chapter 5) the 15-point (6–
20) category Borg scale (Borg, 1982) could be used to explore perceptions of 
cardiovascular fatigue (Robertson et al., 1986). Moreover, lower limb fatigue may be 
assessed via the 0 – 10 category-ratio scale (Borg et al., 1998) whilst readiness to 
invest physical/mental effort scales (Duncan, 2010) would permit evaluation of 
subjective motivation (Smirmaul et al., 2013). 
Much like the inverted U-hypothesis proposed by Yerkes & Dodson (1908), the results 
of experimental study 1 (chapter 5) indicate during LSPT and BATAK performance, 
CAF expectancies may need to be inter-individually modulated to an optimum point. 
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As previously advocated, any performance benefit here may be due to fluctuations in 
conscious effort associated with CAF over-reliance (Tallis et al., 2016). Caffeine over-
reliance (and related enhancements in confidence) could induce reductions in 
cognitive and/or somatic anxiety which may subsequently result in less than optimal 
levels of physiological arousal (Hardy & Fazey, 1987). Therefore, individuals who 
consume CAF for ergogenic purposes should be reminded that any beneficial effect 
is likely in conjunction with the level of effort exerted. Moreover, the induction of some 
self-doubt may also benefit exercise tasks involving a significant cognitive impetus by 
modulating perceptions of physiological arousal especially in individuals who display 
low levels of somatic and/or cognitive anxiety, or over-confidence (Ford et al., 2017; 
Hanin, 1997). However, somatic and/or cognitive anxiety levels should be carefully 
moderated to avoid any significant/sudden decline in performance (Hardy & Fazey, 
1987). For the most in-depth insight here, these constructs could be measured via 
semi-structured interviews. Alternatively, questionnaires that represent high reliability 
and validity (e.g. the state-trait anxiety inventory (Spilberger, 1983) and the perceived 
stress scale (Cohen et al., 1994)) could be utilised.  
The lack of findings observed in experimental study 2 (chapter 6) are likely due to 
ecological limitations whereby an immediate importance for CAF (e.g. the utilisation of 
a performance measure, testing performed in the field and/or a laboratory etc.) was 
devoid as was the perception of CAF consumption.  
7.6. Limitations  
In addition to the limitations already outlined within this thesis (please see sections 5.8 
and 6.6 for a more detailed account of these factors relevant to each experimental 
chapter, respectively) the following section aims to summarise key limitations 
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associated with this thesis. Specific notion is made to the study design adopted, the 
profile of participants chosen and the interpretation of data.  
This thesis represents various limitations associated with the study design adopted. 
First and foremost, the results obtained in a controlled environment i.e. those collected 
in a laboratory (experimental study 1 (chapter 5)) or prior to lectures/social interactions 
(experimental study 2 (chapter 6)) could indicate very limited external validity with 
respect of sport and exercise competitions. Within these environments, various factors 
that were not taken into consideration within this body of research could significantly 
influence the PLA effect. Examples include: the importance associated with 
competition and rewards, the skill of opponents, the prevalence of an audience, the 
appraisal of a judge/referee etc. (Berdi et al., 2011). Moreover, key, controllable 
ecological factors were not accounted for during experimental study 2 (chapter 6) 
which may have substantially influenced the results obtained. As previously reiterated, 
these included the lack of a quantifiable outcome measure (i.e. exercise and/or 
cognitive task) which may have provided an immediate importance for CAF’s effects 
and the perception that CAF had been consumed.  
The success of expectancy manipulation was not confirmed during experimental study 
1 (chapter 5). This could have been achieved via post-hoc analysis (as per Duncan et 
al. (2009)) whereby participants are asked to identify which trials they believed CAF 
and/or PLA was consumed. However, all participants across experimental study 1 
(chapter 5) referred to at least 2/4 treatments as they had been administered (i.e. told 
CAF/PLA), with Habi, Ren, Ave and Aobi referring to all treatments as they had been 
administered. Moreover, no participant indicated any doubt as to what treatment they 
had been administered across any trial. Hence, the expectancy manipulation(s) 
utilised appeared successful.  
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Previous notion was made to a failure to assess subjective motivation in accordance 
with RPE (Borg, 1982) during experimental study 1 (chapter 5). Greater subjective 
motivation may significantly improve an individual’s ability to tolerate the physical 
and/or psychological stress associated with exercise performance (Pageaux et al., 
2014; Pageaux & Lepers, 2016; Smirmaul et al., 2014) and should therefore be 
explored as a potential construct by which expectancies exert an ergogenic benefit. 
Moreover, future studies should also explore changes in lower limb fatigue (i.e. the 0 
– 10 category-ratio scale; Borg et al., 1998) as subjective references were made to 
this during template analysis. This may be especially relevant to exercise tasks that 
require significant muscular output from the lower limb (e.g. cycling, running, lower 
limb resistance exercise etc.).   
Data regarding the body of research entailed within this thesis was obtained from 
recreationally active individuals and as such may not be applicable to elite performers. 
Indeed, recreationally active individuals are more likely to display a greater ceiling of 
improvement versus elite performers (due to their relatively untrained status) and are 
therefore more likely to display larger improvements following the use of ergogenic 
aids and placebos (Saunders et al., 2017; Tucker & Collins, 2012). Moreover, a lack 
of quantification with respect of participants habitual CAF consumption was observed 
across both experimental chapters (i.e. only the quantity of CAF beverages consumed 
was recorded during experimental study 2 (chapter 6) and not the absolute dosage)) 
and this information may be an important factor when determining an individual’s 
expectancies regarding the benefits associated with CAF (Shabir et al., 2018).  
Gadamer and Bernasconi (1986) propose ‘when we interpret the meaning of 
something, we actually interpret an interpretation’ (page. 68). The subsequent findings 
of this thesis following template analysis were therefore relative to the researcher’s 
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interpretation. However, to minimise the influence of interpretive bias which can result 
in systematic errors including unreliable findings that are driven by a conscious and/or 
subconscious bias (Kaptchuk, 2003) reflective measures were adopted (section 
5.3.20) to heighten an awareness of the practitioners own pre-conceived ideologies 
and the potential influence these may have during qualitative exploration. Moreover, 
when exploring confidence intervals, least significant difference (LSD) (none) was 
preferred over Bonferroni corrections to minimise the potential of missing meaningful 
effects during ANOVA testing. The LSD (none) analysis aims to reduce the chance of 
type 2 errors but subsequently increases the chance of type 1 errors (Streiner & 
Norman, 2011). However, this approach was chosen over Bonferroni corrections, as 
Bonferroni corrections are better suited to tasks that have no hypothesis or aim to 
confirm a null hypothesis (Armstrong, 2014).  
7.7. Applied implications and further recommendations  
In conjunction with the objectives outlined in chapter 1, this thesis represents various 
practical applications. In reference to experimental study 1 (chapter 5), CAF’s 
psychological permutations improved TLIM to a greater extent compared to CAF 
pharmacology and this was driven by reductions in perceptual exertion but was 
unrelated to subjective perceptions. Interestingly, CAF only improved LSPT and 
BATAK performance when individual’s perceived CAF negatively with the opposite 
occurring following positive perceptions and this was likely due to variances in 
conscious effort. Hence, expectancies may need to be modulated to an optimum point 
and this point will differ subjectively due to the individualistic nature of perceptions 
(Shabir et al., 2018). Therefore, CAF expectancies may better suit tasks that involve 
significant gross motor function but minimal cognitive requirements (e.g. long-distance 
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running, weightlifting, cycling etc.) and any effects may be mediated by reductions in 
perceptual effort. However, for individuals who are not inclined to CAF associated 
cognitive impairment, CAF expectancies may represent an alternative to CAF dosing 
prior to late evening sports competitions whereby the quality of exercise performance, 
training and recovery is impaired due to changes in melatonin production, molecular 
oscillations and sleep quality (Burke et al., 2015). As the consumption of 
pharmacologically active CAF is unnecessary to instigate expectancies, this thesis 
represents important applications for individuals affected by health concerns and side 
effects that are exacerbated/instigated by CAF use and potentially debilitative to 
exercise performance. Instead, these individuals could be administered PLA’s under 
the guise of CAF to facilitate improvements in sport and exercise performance. As 
expectancies can be trained and/or manipulated (Shabir et al., 2018) individuals 
habituated to CAF’s pharmacological impetus may also experience a greater 
ergogenic effect following CAF use, without necessarily having to consume a greater 
pharmacological dosage. Indeed, CAF supplementation in recreational sport is 
commonly achieved via off the shelf products (e.g. coffee, energy drinks etc.) many of 
which entail low CAF doses (likely lower than 3 mg/kg/BM in most cases), thus CAF 
induced benefits here may already originate from expectancy rather than 
pharmacology. Based upon the aforementioned points and the potential for CAF 
expectancies to significantly benefit actual sport performance, further research is 
necessary to ascertain the magnitude of effect here.  
The mechanisms by which CAF expectancies may exert any benefit require further 
theoretical and empirical work. Indeed, reduced perceptual exertion is a likely 
mechanism by which any benefit may be exerted. However, reductions in acute levels 
of stress and anxiety may also warrant investigation. The stress and anxiety alleviating 
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properties of PLA have been extensively studied across medicine but not within sport 
science and may improve subjective well-being, vigour, and energy levels (Beecher, 
1960; Berdi et al., 2011). For the most in-depth insight here, these constructs should 
be measured via semi-structured interviews. Alternatively, questionnaires that 
represent high reliability and validity (e.g. the state-trait anxiety inventory (Spilberger, 
1983) and the perceived stress scale (Cohen et al., 1994)) could be utilised. 
Furthermore, as highlighted previously, Pennebaker's schema-guided selective 
searching approach (Pennebaker, 1982) and more recently, Pollo’s notion of possible 
top-down influences of placebos (Pollo et al., 2008) should also be acknowledged. 
These theories suggest that external stimuli (e.g. CAF expectancies) may distract 
individual’s from thinking about factors that may impair exercise performance (e.g. 
exercise intensity, the working muscles, fatigue accumulation etc.). A relationship may 
be plausible between the shift of thought processes from intended to unintended 
thoughts, and an individual’s subjective levels of motivation and perceptual fatigue.  
With respect of experimental study 2 (chapter 6), similar manuscripts and videos to 
those used in experimental study 1 (chapter 5) (i.e. following told PLA/CAF conditions) 
were deployed and their impact on perceptual states were assessed. Although no 
meaningful findings were observed, this lack of effect is likely due to environmental 
factors whereby an immediate importance for CAF was devoid (e.g. the utilisation of 
a performance measure, testing performed in the field and/or a laboratory etc.) as was 
the perception of CAF consumption which is in contrast to experimental study 1 
(chapter 5). Therefore, the success of any strategy with the aim of modulating 
expectancies may depend on whether the aforementioned psychosocial context is 
instigated. Though, practitioners should also implement measures to explore inter-
personal traits (e.g. personality type) (Tallis et al., 2016), cultural and psychosocial 
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differences (Langdridge, 2007, Moerman & Jonas, 2002), vicarious and lived 
experiences (Bandura, 1997), the mode of CAF administration, trust in practitioner 
(Beedie et al., 2018; Benedetti, 2013; Moerman & Jonas, 2002) to more holistically 
explore the mechanisms by which subjective expectancies are mediated.  
Open label placebos, the future? 
The applied implications associated with told CAF/given PLA treatments represent 
ethical concerns associated with deceptive administration and the removal of 
expectancies after revealing the deception employed (Maganaris et al., 2000). For 
example, Brooling et al. (2008) administered an 11-item questionnaire exploring 
subjective willingness to use the PLA effect in elite sport, across 187 individuals. 
Almost a third of athletes would not appreciate being deceptively administered PLA 
whilst the remainder did not mind. Moreover, in a study by Maganaris et al. (2000), 11 
national level power lifters were administered a saccharine PLA but provided false 
information to enhance expectancy of performance benefit associated with anabolic 
steroids. Expectancies resulted in improvements from baseline of 10 ± 2 kg, 11 ± 2 
kg, and 12 ± 1 kg, for maximal bench press, dead lift and squat performance, 
respectively. However, when expectancies were removed (i.e. the deception was 
lifted) for approximately half of the group, these performance gains returned to 
baseline, although remained for the group who continued to believe they had 
consumed steroids.   
Alternatively, open label PLA administration may negate these issues, though its 
effectiveness would depend on expectancies and/or perceptions associated with PLA 
efficacy, which unlike CAF is yet to substantially evaluated across sport and exercise 
performance. However, Beedie. (2007) administered an electronic survey exploring 
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perceptions for PLA efficacy in competitive sport and found 97% of respondents 
believed the PLA effect can exert a positive influence on sport and exercise 
performance, with 73% claiming to have experienced direct effects. Moreover, 
Saunders et al. (2019) report that an open label PLA improved 1-km cycling time trial 
performance (0.8%) and MPO (2.1%) versus CON, after 28 trained cyclists were told 
open label PLA could improve their performance. Interestingly, in comparison to 
experimental study 1 (chapter 5), post-exercise HR, (BLa) and RPE was similar 
between treatments which suggests that ameliorated perceptual exertion may have 
instigated any benefits here. In support, open label PLA administration has widely 
been observed to improve perceptual wellbeing (Ballou et al., 2017; Schaefer et al., 
2018) and physical/cognitive exertion (Hoenemeyer et al., 2018; Locher et al., 2019) 
across the field of medicine. The notion of ameliorated perceptual exertion as a 
mediator for improvements in sport and exercise performance indicates that the 
psychobiological model of endurance performance may also apply to open label PLA 
administration. However, further research is necessary as individual data analysis 
revealed that 11 individuals displayed improvements in cycling performance whilst 13 
remained unchanged and 4 displayed worse performance following the administration 
of an open label PLA. Moreover, although impaired performance was related to 
individuals having negative expectations regarding open label PLA efficacy, positive 
beliefs did not appear to affect performance.  
Thus, future studies should aim to explore the influence of open label PLA 
administration on simulated sports performance (i.e. similar to that observed in 
experimental study 1 (chapter 5)). The influence of open label PLA has not yet been 
extensively explored on simulated sports performance but may have substantial 
ramifications on the use of ergogenic aids across sport and exercise. In notion to 
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Saunders et al. (2019) and similar to the findings of experimental study 1 (chapter 5), 
any benefit during tasks entailing a significant gross motor function may be unrelated 
to subjective beliefs but instead due to the mere expectation that an open label PLA 
has been consumed and reductions in perceptual exertion. Moreover, a mixed 
methods approach and associated epistemological foundation should be applied here 
to ensure that the highest quality data can be collected and triangulated. This will 
provide greater information regarding the phenomenon of open label PLA.  
7.8. Researcher reflexivity – strengths of this programme of research and a 
framework for future research 
Gilgun (2005) suggests, qualitative reflections that are written in the third-person voice 
provide short shrift to the voices of informants, as if neither they nor their informants 
were part of the research process. Subsequently, the following section is written in the 
first-person voice.  
The purpose of this section is to reflect a series of recommendations or guidance with 
respect of undertaking research using mixed methods designs, including, some of the 
challenges that may be encountered, and associated management strategies.  This 
section also addresses; factors that researchers should consider, with respect of 
successfully manipulating expectancies (i.e. ecological and subjective features) as 
well as the issue of validity and reliability in the use of BATAK.  
7.8.1. Mixed methods 
The two research paradigms (i.e. quantitative and qualitative) have resulted in two 
research cultures, with one ‘professing the superiority of deep, rich, observational data’ 
whilst the other preferring ‘hard, generalisable data’ (Sieber, 1973, p. 1335). However, 
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both sets of researchers have various commonalities that are often overlooked, for 
example, both use experiential observations to address research questions, whilst 
also describing data (typically in a results section), constructing explanatory discussion 
which involves rationalising their observations (Sechrest & Sidani, 1995). Moreover, 
both sets of researchers aim to minimise confirmation bias, lack of trustworthiness, 
sources of invalidity which may prove detrimental to the integrity of research study’s 
(Sandelowski, 1986).  
The premise of mixed methods research is not to replace either of these research 
cultures but rather to consolidate the strengths of each which in turn would minimise 
the weaknesses of research designs. For example, as a researcher who comes from 
a pre-dominant quantitative background, it is permissible to suggest that quantitative 
research may miss out on the subjective influences the participant has on the 
phenomenon under investigation (i.e. this is typically due to rigid hypothesis testing 
whereby means, standard deviations, p values and effect sizes are given precedence). 
Subsequently, the knowledge obtained may be too abstract and generic. Likewise, the 
knowledge obtained during qualitative practice cannot be generalised (i.e. findings 
may be unique to the participants included in the research study) whilst results are 
also more likely contaminated by biases. Indeed, mixed methods allows researchers 
to put together insights and procedures from both approaches to produce a superior 
design. This is especially relevant with respect of CAF expectancies, and probably all 
research assessing the effects of ergogenic aids across sport, exercise, and/or 
cognitive performance as any benefit is likely stimulated, in part, by subjective beliefs. 
This is demonstrated in chapter 5, whereby, Dictaphone recordings were added to 
experiments to tap into participants’ perspectives and ascertain greater knowledge.  
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To conceptualise a mixed methods design, researchers must consider the dimension 
of paradigm emphasis which entails two primary decisions. These are: (1) How much 
of the research design will be underpinned with quantitative and qualitative domains, 
will one be given precedence, will they be equally important etc. (2) Time ordering of 
the qualitative and quantitative phases: will the phases be conducted concurrently or 
sequentially (Morgan, 1998; Morse, 1991). For a research paradigm to be considered 
a mixed methods design, the findings must be integrated at some points (e.g. much 
like the qualitative phase of chapter 5, informing the quantitative phase during the 
discussion section) and this can occur in the objectives, methods of data collection, 
research methods, data analysis and/or interpretation (Johnson & Onwuegbuzie, 
2004).  
To integrate data effectively, researchers must first consider the relevant 
characteristics of each paradigm and the benefits these provide to the research 
design. I highlighted previously, that I hail from a pre-dominant quantitative 
background, therefore, the challenge I faced here, was familiarising myself with 
qualitative research methods. To manage this, I indulged in the process of learning, 
alongside the generic advice to read literature and attend workshops, I would highly 
recommend having intellectual discussions with qualitative experts. I had the honour 
of learning from my second and third PhD supervisor’s (Dr Andy Hooton and Prof 
David Sheffield) who have substantial knowledge of the theoretical and practical side 
of qualitative research, they may be considered qualitative experts. I was advised to 
study the epistemological foundation of my research design. Epistemology is the 
theory of learning and provided me with a deep philosophical appreciation of the 
research methods across both the paradigms employed. The major characteristics of 
traditional quantitative research stem from positivism, deduction of data, confirmation, 
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theory/hypothesis testing, standardised data collection and statistical analysis. In 
contrast, the major characteristics of traditional qualitative research stems from 
interpretivism, induction of data, exploration of subjective beliefs and the researcher 
and participant being an active part of both data collection and analysis.  
Elstein (1979) implies subjectivity can be a strength in research; although science 
demands a critical attitude, elements of subjectivity including theoretical commitments, 
expertise, and pre-existing understanding with respect of a phenomenon are important 
in making sound judgements and producing reliable knowledge.  
However, there is a fine balance between the researcher being a part of the qualitative 
process and contaminating the findings with systematic bias. Many strategies are 
recognised and used in qualitative research to overcome this potential problem and 
produce high-quality research. To ensure I remained cognisant of my own pre-
conceived ideologies and their potential influence on the process of qualitative 
exploration and to enhance the trustworthiness (Lincoln & Guba, 1985) and credibility 
(Patton, 1990) of my design, I adopted continuous reflexivity:  
• An in-depth description of the data collection and analysis procedure. This 
entailed providing an adequate rationale for the utilisation of mixed methods 
and allows public inspection of my own processes. This will hopefully assist 
others in implementing the mixed methods design.  
• The involvement of several people (N.B. all of whom are considered experts 
within their respective fields (e.g. 1 x quantitative and 2 x qualitative) in guiding 
the mixed methods process. This was achieved by making implicit enquiries 
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about the data collection/analysis procedure which assisted in minimising 
biases, triangulating data, whilst improving the clarity of interpretations. 
• Brainstorming of pre-existing ideologies associated with the phenomenon in 
question to ensure I was cognisant of my own inherent beliefs and their 
influence upon the identification of codes, themes, and/or concepts (Jackson, 
1995; van Manen, 1990). This process was achieved by listing my own pre-
existing ideologies on an A4 sheet of paper and reflecting on these during 
analysis. 
Another challenge I faced was how to conduct the qualitative analysis. The use of a 
framework(s) is particularly useful here and assists in guiding the qualitative process. 
I utilised template analysis and the Phases of thematic analysis as outlined in Braun 
& Clarke (2006; p.87). As per bullet point two above, the utilisation of frameworks 
entailed implicit enquiries regarding the data analysis procedure. Moreover, It is also 
important to steer away from the quantitative notion of referring to participants as 
arbitrary units. Instead, I used pseudonyms which reminded me that the information I 
was reporting stemmed from real life experiences and hopefully brought the research 
to life for the reader too.  
Exploration of subjective perceptions across experimental study 1 (chapter 5) was 
achieved via the use of various questionnaires (e.g. CaffEQ, BRUMS etc.), the 15-
point (6–20) category Borg scale (Borg, 1982) and most notably via template analysis 
of monologues which were recorded on a Dictaphone. This demonstrates the array of 
techniques that can be employed to ascertain knowledge with respect of qualitative 
data. Although these methods proved useful in exploring subjective perceptions and 
experiences, future studies should employ semi-structured interviews (Beedie et al., 
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2006). Semi-structured interviews offer consistency whilst also providing greater 
flexibility when querying individualistic experiences which would allow for further 
exploration of the subjective notions made (Langdridge, 2007). And subsequently, 
more knowledge! However, as exhibited in experimental study 1 (chapter 5), research 
questions should be open ended and broad to ensure participants are not led towards 
any specific response but instead allowed to articulate a complete, exploratory 
response. Subsequently, semi-structured interviews may provide more information 
regarding the perceptual mechanisms associated with CAF versus the use of 
structured monologues, as utilised in experimental study 1 (chapter 5) (Dunn, 2005). 
However, semi-structured interviews are substantially more time consuming, in 
comparison to recording monologues on a Dictaphone. This was the main reason why 
I adopted the use of a Dictaphone. Thus, if researcher’s encounter similar issues, this 
method can prove fruitful but should not be considered an alternative to semi-
structured interviews if it is feasible to implement these.  
The applied implications of mixed methods should not be understated. Indeed, todays 
research world is becoming increasingly interdisciplinary, complex and dynamic. 
Therefore, researchers may need an understanding of multiple methods of enquiry to 
facilitate communication, collaboration, understanding, and to enhance the superiority 
of research (Johnson & Onwuegbuzie, 2004). However, mixed methods research can 
be difficult for a single researcher to carry out, as it entails learning/understanding 
about multiple methods of research, approaches, and how to adequately integrate 
findings. Where upskilling is not possible (this can be time consuming), a research 
team may be employed to mitigate any issues here, however, this may result in the 
clashing of research cultures.   
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7.8.2. Factors that affect the expectancy manipulation 
The PLA effect is highly affected by an individual’s expectancies (Kirsch, 1997) which 
are influenced by various contributory factors (e.g. personality traits, cultural and 
psychosocial differences, vicarious and lived experiences etc,) (Langridge 2007; 
Moerman & Jonas, 2002). Typically, if an individual has positive expectancies 
regarding CAF, they will demonstrate a placebo effect, whilst negative expectancies 
may result in a nocebo effect. We assessed individualistic expectancies across 
chapters 5 and 6 by employing the CaffEQ (Huntley & Juliano, 2012) and the CEQ 
(Heinz et al., 2009), respectively. These methods can be utilised in future studies, 
though, as per section 7.8.1. if researchers can employ semi-structured interviews, 
then these constructs may be explored in greater detail. If an individual has neutral 
expectancies, they may still respond positively to PLA’s under the guise of CAF and 
this may be due to greater perceived optimism, versus non-responders (Moerman & 
Jonas, 2002). The subjective being is possibly the most important factor with respect 
of manipulating expectancies. Researchers should aim to understand the personality 
traits of their participants to further understand the subjective factors that may affect 
an individual’s chance of displaying a PLA effect.  
Four types of events are relative to the type of expectancy effects observed, these are; 
the stimuli that are associated with administration of the drug, the stimulus effect of 
the drug, the drugs effect on a symptom/sensation related to the activity, and the 
subsequent outcome (Fillmore & Vogel-Sprott, 1992; Tunnicliffe et al., 2008; Vogel-
Sprott & Fillmore, 1990). Caffeine expectancies may mediate CAF-related 
symptoms/sensations, and these symptoms/sensations might be influenced by the 
direction of expectancy and the performance measure employed (Shabir et al., 2018). 
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Fillmore & Vogel-Sprott (1992) suggest that expectancy effects are more likely 
experienced by individuals who hold neutral habituated expectancies due to a greater 
responsiveness to expectancy manipulation techniques employed. More salient 
techniques may be required for individuals who hold greater habituated expectancies, 
e.g., false performance feedback; watching decaffeinated coffee being brewed under 
the guise that it is active coffee; vicarious performance observations that are 
associated with CAF (Foad et al., 2008; Tallis et al., 2016) etc. Further ecological 
factors that could be important in modulating beliefs and therefore should be 
considered are: The mode of treatment (e.g. coffee versus capsules etc.) (i.e. 
individuals who consume coffee for ergogenic purposes are more likely to respond 
efficaciously to decaffeinated coffee versus capsules), characteristics of the 
administered treatment (i.e. the colour, size, smell and shape) (e.g. the colour red is 
supposedly more invigorating versus blue; whilst the smell of coffee may assist in 
manipulating beliefs following the administration of decaffeinated coffee), the 
perceived dosage of CAF consumed (i.e. greater perceptual dosages may exert larger 
benefits unless subjective expectancies are negative) and visual cues (e.g. watching 
coffee being brewed, administration of PLA capsules from a jar that is labelled CAF 
tablets etc.) (Beedie et al., 2006; Craen et al., 1996, 2000; Moerman & Jonas, 2002; 
Shabir et al., 2018).  Despite the fact that these ecological issues have been 
highlighted previously (Troijan & Beedie, 2008) no studies with a primary aim of 
exploring CAF expectancies across sport, exercise and cognitive performance have 
considered these (Berdi et al., 2011). 
The notion that four types of events are relative to the type of expectancy effects 
observed is an interesting one. This is supported by the results of my second 
experimental study (chapter 6) whereby a lack of expectancy effect was likely due to 
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(1) no subjective belief that CAF had been consumed and (2) no employment of an 
outcome measure to assess the effects of CAF against. Subsequently, ecological 
factors related to the belief that CAF has been consumed and the implementation of 
a performance measure are likely pivotal when aiming to modulate expectancies. 
Moreover, researchers should also consider, is the stimulus effect of the drug, 
ergogenically relevant to the outcome measure employed? For example, large doses 
of CAF may impair fine motor skill performance due to over-arousal, tremors, and 
impaired cognitions (Denson et al., 2012; Elliman et al., 2010) therefore CAF may not 
be relevant to the cognitive tasks described in section 2.8. In addition, symptoms and 
sensations may be intentionally modulated to enhance beliefs. Higgins and Shabir 
(2016) administered a placebo (PLA: 0.1 g·kg(-1) sodium chloride (NaCl), 4 mL·kg(-1) 
tap water, and 1 mL·kg(-1) squash) or a sham placebo under the guise of sodium 
bicarbonate (NaHCO3) (SHAM: 0.1 g·kg(-1) NaCl, 4 mL·kg(-1) carbonated water, and 
1 mL·kg(-1) squash), 60 minutes prior to participants cycling until volitional exhaustion 
at 100% peak power output. SHAM aimed to replicate symptoms of gut fullness (GF) 
and abdominal discomfort (AD) associated with NaHCO3 ingestion. Subsequent 
scores of GF and AD were 1 unit higher whilst cycling capacity was improved (40 s; 
9.5%) for SHAM versus PLA.  
The double dissociation design should be employed when assessing CAF (and 
generic ergogenic aids), as the associated psychological permutations are largely 
unaddressed and/or overlooked but may be as important as CAF pharmacology. The 
double dissociation design entails four conditions: psychology (given PLA/told CAF), 
pharmacology (given CAF/told PLA), synergism (given CAF/told CAF) and placebo 
(given PLA/told PLA) and subsequently permits direct comparison of CAF’s 
psychological versus pharmacological impetus. Moreover, expectancies should be 
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neutralised (i.e. any psychological effect here should be limited) during told PLA 
conditions, as pessimistic beliefs may initiate the occurrence of a nocebo response 
(i.e. downregulated expectancies and a debilitative psychological effect, e.g. 
decreased motivation, confidence etc.). The nocebo effect has been observed to 
overestimate the placebo effect by causing greater disparity between expectancies 
and beliefs (Chavarria et al., 2017).  
7.8.3. Validity and reliability in the use of BATAK 
Future research should aim to validate the use of the BATAK pro. Focus should be 
placed on what constructs (i.e. cognitive and physical) the BATAK Pro assesses and 
what constitutes an adequate familiarisation protocol here. Shabir et al. (2018) suggest 
BATAK permits assessment of cognitions. Though, this term is too generic, for 
example, cognition refers to the mental processes involved in acquiring knowledge 
and comprehension, but also an individual’s level of alertness, concentration, focus 
etc.  Although the latter set of attributes appear more relatable to the nature of the 
BATAK Pro, does this measure permit valid exploration of these constructs? Are there 
any other attributes that may be validly explored using the BATAK pro? Answering 
these questions will certainly provide a stronger rationale for the use of BATAK. 
Moreover, there is currently no familiarisation data regarding the BATAK Pro, therefore 
a comparable protocol to the Sport Vision Trainer was used in this thesis. Although 
the Sport Vision Trainer is validated in assessment of reliability and repeatability 
pertaining to hand eye co-ordination (Ellison et al., 2014), this is a measure of simple 





7.9. Overall conclusion  
In summary, the novelty and original contribution of the current body of research 
entails: completion of a systematic review and meta-analyses pertaining to the 
influence of CAF expectancies on sport, exercise and cognitive performance; 
assessment of the influence CAF expectancies may have on simulated soccer 
performance; the implementation of a mixed methods approach and double 
dissociation design; an in depth rationale, description and set of instructions for the 
utilisation of the mixed methods approach in any future research, including the use of 
an epistemological framework; a summary of ecological factors that are fundamental 
in understanding the phenomenon of CAF expectancies across sport and exercise 
performance. 
The results of the systematic review and meta-analyses in section 2.8 and chapter 3 
imply CAF expectancies may prove efficacious to sport and exercise performance 
(meta-analysis A) but not cognitive performance (meta-analysis B). The lack of effect 
during cognitive performance may be due to various methodological limitations 
including the profile of participants used, the methodological design and the 
administered treatment. However, further research is necessary here as significant 
between study heterogeneity was observed with respect of meta-analysis B which 
suggests these results should be taken with caution due to reduced scientific rigour. 
Following these analyses, key methodological considerations were incorporated 
across experimental chapters to improve the quality of the current research findings, 
examples included: exploration of perceptual and subjective constructs, grounding 
research using an epistemological framework, and utilisation of the double-
dissociation and most significantly the mixed methods design. There remains a severe 
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under representation of the mixed methods design in the literature pertaining to the 
phenomenon of CAF expectancies on sport, exercise, and cognitive performance. The 
mixed methods design and associated triangulation of quantitative and qualitative data 
is fundamental to validly compare CAF’s psychological versus pharmacological 
impetus. Prior to this thesis, only two other studies (Beedie et al., 2006; Duncan et al., 
2009) implemented the mixed methods design, with neither providing a rigorous 
account of methodological decisions, researcher reflexivity, and/or evidence of 
applying an epistemological framework. These factors were incorporated within the 
current thesis and improved the quality of data collection, analysis, and reflection.  
Moreover, as presented in section 7.8. this thesis provides a rationale, description, 
and framework regarding the implementation of mixed methods, during future 
research.  
With respect of the key messages pertaining to experimental studies 1 and 2, the 
benefits associated with CAF expectancies may better suit tasks that entail lesser 
cognitive/skill specific attributes but greater gross motor function (e.g. cycling, 
weightlifting, running etc.) and this is likely due to reduced perceptual effort. 
Interestingly, positive CAF perceptions may prove detrimental to tasks that involve 
significant cognitive contributions due to CAF over-reliance and reductions in effort 
levels (Tallis et al., 2016). Negative perceptions appeared to have the opposite effect 
here. Future studies aiming to validate expectancy modulating techniques or generally 
assessing expectancies should consider key ecological factors which may influence 
any expectancy effects, examples include: provision of a greater immediate 
importance for CAF which may be achieved by replicating environmental and/or 
psychosocial conditions associated with sport performance (e.g. the utilisation of a 
performance measure) and the perception for CAF consumption.  
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The applied implications associated with told CAF/given PLA treatments represent 
ethical concerns associated with deceptive administration and the removal of 
expectancies after revealing the deception employed (Maganaris et al., 2000). 
Alternatively, open label PLA administration may negate these issues, though its 
influence has not yet been extensively explored on simulated sports performance but 
may have substantial ramifications on the use of ergogenic aids across sport and 
exercise. Open label PLA administration has widely been observed to improve 
perceptual wellbeing (Ballou et al., 2017; Schaefer et al., 2018) and physical/cognitive 
exertion (Hoenemeyer et al., 2018; Locher et al., 2019) across the field of medicine. 
With respect of sport and exercise performance, Saunders et al. (2019) report that an 
open label PLA improved 1-km cycling time trial performance (0.8%) and MPO (2.1%) 
versus CON, after 28 trained cyclists were told open label PLA could improve their 
performance. These results exemplify the potential implications of open label PLA 
administration on simulated sports performance and the substantial ramifications this 
may have on subjective notions associated with generic, pharmacologically active, 
ergogenic aids. Moreover, it is imperative that a mixed methods approach and 
associated epistemological foundation should be applied here to ensure that the 
highest quality data can be collected and triangulated. This will enhance the breadth 
of knowledge obtained from future studies and greater clarify the possible mechanisms 
of action associated with open label placebo administration. Researchers are 
encouraged to visit section 7.8. which outlines the rationale, description, and 
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Appendix 9.1. Participant information sheet (chapter 5) 
The influence of caffeine expectancies on simulated soccer performance in 
recreational individuals  
Your participation has been requested for the above research study. Please read this 
participant information sheet (PIS) carefully as it may help you to decide whether you 
would like to participate by explaining what participation will entail. Please do not 
hesitate to ask if any information on this sheet is not clear to you, or if there is anything 
about the research you do not understand. Involvement in this study is voluntary and 
you are under no obligation to take part. If you do decide to participate, you will be 
asked to sign an informed consent form. Participants are free to leave the study at any 
point and can withdraw information up until 2 weeks after the end of data collection 
but will not be able to after data has been analysed and disseminated.  
Each participant will be required to attend the laboratory on 6 separate occasions 
consisting of a maximal oxygen uptake test (VO2MAX) and brief familiarization trial, 1 
full familiarisation trial and 4 experimental trials.  Participants will report for each 
session ~2-hours post-prandial and will have refrained from strenuous/exhaustive 
exercise and alcohol consumption for 24 and 12 hours, respectively. Participants will 
be asked to maintain the same level of physical activity throughout the study. 
Participants will also be asked to replicate the same dietary intake 24 hours prior to 
each session and to refrain from foods high in caffeine over that period (a list will be 
provided). Dietary intake will be monitored by a written food log which participants will 
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be expected to sign to confirm adherence. All participants will complete the 
departmental blood screening questionnaire prior to commencing the study. 
 
After 5-min seated rest, heart rate (HR) and a finger prick capillary blood sample will 
be taken to measure blood glucose and lactate.  Mood states and feelings of arousal 
related to soccer performance will then be recorded via the use of numerous 
questionnaires/scales prior to participants completing the Loughborough Soccer 
Passing Test (LSPT) (McGregor et al., 1999) and a measure of dynamic reaction time 
(BATAK) at baseline. Participants will then consume either caffeine (at an ergogenic 
dose equivalent to 3mg∙kg∙bodyweight) or a taste matched placebo over the first 5 
minutes of a 60-minute ingestion period. At the end of this ingestion period participants 
will then perform the LSPT and BATAK prior to performing the Loughborough 
intermittent shuttle test (LIST) (Nicholas et al., 2000). The LIST has been reported to 
replicate the metabolic demands placed on individuals during intermittent running 
sporting activities. The LIST will be performed for six 15-minute bouts of exercise 
separated by a 15-minute rest interval. At the end of each 15-minute running interval 
participants will perform one bout of LSPT. This will be followed by a 3-minute resting 
period where ratings of perceived exertion (RPE) and HR will be recorded. After the 
final 15-minute bout of exercise (and corresponding measures), participants will then 
perform the Loughborough intermittent exercise capacity test which requires 
participants to run at intensities equivalent to 55 and 95% peak oxygen uptake until 
volitional exhaustion. At the end of the intermittent running capacity test, RPE, HR and 
blood sample will be recorded prior to participants performing LSPT and BATAK for a 
final time. Mood states and feelings of arousal related to soccer performance will then 
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be recorded once more. Prior to experimental trials 1 and 3, participants will be 
required to complete the Caffeine Expectancies Questionnaire (CaffEQ). At the end of 
experimental trials 2 and 4 participants will be required to record a short verbal 
summary of their experiences across experimental conditions.   
All data collected will be anonymised and stored in a secure location using either a 
locked filing cabinet (paper-based data) or password protected computer (electronic 
data), accessible only by the lead researcher. For any further questions, contact the 
lead researcher (details below). 














Appendix 9.2. Participant information sheet (chapter 6) 
The primary aim of this study is to validate the use of a pre-constructed manuscript 
and short video in modulating expectancies associated with oral caffeine ingestion. In 
this instance, expectancies may be defined as your personal beliefs and expectations 
regarding caffeine’s proposed influence on sport and exercise performance. Please 
note when I suggest a proposed influence, this can mean a neutral or no influence at 
all, a debilitative/negative influence, or a facilitative/positive influence. There are no 
right or wrong answers, therefore you should complete this study based on your own 
beliefs. 
This study does not require any physical activity and should take only 15-20 minutes 
of your time to complete. Only data relevant to the research project will be recorded 
and in no instance will any personal information (e.g. your name, address etc.) be 
required from you. You are free to decline participation in this study. Therefore, by 
taking part you are doing so based on choice. You should also note that you hold the 
right to withdraw your own, personal data from the research project up to 2 weeks after 
the end of data collection, but you will not be able to after data has been analysed and 
disseminated. Once I have handed out data collection sheets, you will find in the top 
right corner on the very first page a code comprising three numerical units. This is your 
unique identifying code and you will need to save this in your mobile phone or similar 
password protected device. In order to withdraw personal data from the study you will 
be required to contact Dr. Matthew Higgins (University of Derby) and provide him this 
code. Dr. Matthew Higgins will subsequently contact the lead researcher (Mr Akbar 
Shabir) regarding the aforementioned, and data will be removed and disposed of (e.g. 
paper copies will be shredded, and electronic files will be deleted) accordingly. 
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Moreover, stapled to the back of baseline measures during trial 1, is an outline of the 
university of Derby’s general data protection regulation, this information explains your 
rights and our responsibilities with respect of data protection. The details to contact 
Dr. Matthew Higgins and myself can also be found on this sheet of paper. 
In order to qualify for this study, you should be participating in at least 150 minutes of 
physical activity per week. Physical activity may range from walking, jogging and 
weightlifting, to participating in games sports activities like rugby, football and netball. 
Furthermore, you must be between 18-40 years old and not suffering from any 
significant health concerns (e.g. intolerances, allergies, hypertension and 
cardiovascular related diseases etc). You must not be a smoker, and you must not be 
participating in elite sport.  
If you fulfil the aforementioned inclusion criteria and are interested in taking part you 
will find a tick box on the first page of document A, by ticking this you are providing 
consent to take part, of which you are free to decline. For those who are ineligible, 
please leave the document blank so it can be reused. For those eligible and willing, 
please complete document A first. I would only like you to complete document B 
(containing all baseline measures except for the quantity and frequency of caffeine 
consumption questionnaire), once you have read the pre-constructed manuscript and 
watched the upcoming short video. This manuscript and short video will be made 
available to view on the main projector/board. Please take your time when reading the 
manuscript as you will be granted 5 minutes to read this. During the next trial you will 
complete the second condition and subsequent documents C and D. You will be 
required to label documents C and D with your unique identifying code, so please 
ensure you save this for future reference. Moreover, only complete datasets including 
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documents A, B, C and D will be analysed. Therefore, if you didn’t/do not complete 
documents A and B, then please do not complete documents C and D. Finally, 
because this study pertains to your own personal beliefs, please do not communicate 
with anybody else as this may sub-consciously influence your decisions. After 
completing each trial please pass your documents to the front for collection, this is 
irrespective of whether you have taken part or not.  















Appendix 9.3. The Brunel mood scale (BRUMS) 
 
1. Panicky  ❑ ❑ ❑ ❑         ❑ 
2. Lively   ❑ ❑ ❑          ❑      ❑ 
3. Confused  ❑ ❑ ❑ ❑        ❑ 
4. Worn out  ❑ ❑ ❑ ❑        ❑ 
5. Depressed  ❑ ❑ ❑ ❑       ❑ 
6. Downhearted ❑ ❑ ❑ ❑       ❑ 
7. Annoyed  ❑ ❑ ❑ ❑       ❑ 
8. Exhausted  ❑ ❑ ❑ ❑       ❑ 
9. Mixed-up  ❑ ❑ ❑ ❑       ❑ 
10. Sleepy  ❑ ❑ ❑ ❑        ❑ 
11. Bitter   ❑ ❑ ❑         ❑       ❑ 
12. Unhappy  ❑ ❑ ❑ ❑        ❑ 
13. Anxious  ❑ ❑ ❑ ❑        ❑ 
14. Worried  ❑ ❑ ❑ ❑        ❑ 
15. Energetic  ❑ ❑ ❑ ❑        ❑ 
16. Miserable  ❑ ❑ ❑ ❑       ❑ 
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17. Muddled  ❑ ❑ ❑ ❑       ❑ 
18. Nervous  ❑ ❑ ❑ ❑       ❑ 
19 Angry   ❑ ❑ ❑         ❑      ❑ 
20. Active   ❑ ❑ ❑         ❑      ❑ 
21. Tired   ❑ ❑ ❑         ❑      ❑ 
22. Bad tempered ❑ ❑ ❑ ❑ ❑ 
23. Alert   ❑ ❑ ❑         ❑       ❑ 





















Appendix 9.5. Told caffeine, pre-constructed manuscript 
Dear Participant, 
Please read the following information carefully. Please note, to ensure there is no 
subconscious influence on your performance, you must NOT under ANY 
circumstances inform the researcher of the content of this document as this will 
invalidate the research trial. Once you have read the below please fold and 
return the manuscript to the envelope. 
In today’s trial you will be ingesting ACTIVE CAFFEINE which has been proven to 
improve soccer specific performance by helping users become more alert and 
increasing feelings of vigour and energy. For example, research conducted by 
Foskett et al. (2009) found that ingestion of Caffeine improved soccer specific skills 
involving passing and dribbling by 4.3%. In addition, research by Del Coso et al. 
(2012) found that the ingestion of Caffeine prior to a soccer match increased 
distance covered at speeds greater than 13km/hr by 16%. The dosage you will be 
ingesting today is the same as that used in Del Coso et al. (2012) (3mg/kg body 
weight) which is considered a scientifically proven ergogenic dose.  
Note: Participants ingesting Caffeine are likely to feel changes in physiological 







Appendix 9.6. Told placebo, pre-constructed manuscript 
Dear Participant, 
Please read the following information carefully. Please note, to ensure there is no 
subconscious influence on your performance, you must NOT under ANY 
circumstances inform the researcher of the content of this document. 
In today’s trial you will be ingesting a CAFFEINE FREE placebo which has been 
demonstrated to have NO EFFECT on simulated soccer performance (i.e. you 
are likely to perform no better/worse than an inactive substance). For example, 
research conducted by Foskett et al. (2009) found that ingestion of Caffeine improved 
soccer specific skills involving passing and dribbling by 4.3% compared to a 
CAFFEINE FREE placebo. In addition, research by Del Coso et al. (2012) found that 
the ingestion of Caffeine prior to a soccer match increased distance covered at 











Appendix 9.7. Standardised script prior to Dictaphone administration 
I would now like to ask that you compare your experiences between trial A, B, C and 
D. Please keep this confidential from the research team and please note there is no 
right/wrong answer(s). These answers should reflect your own personal perception. 

















Appendix 9.8. Dictaphone information sheet 
Dear Participant, 
Please read the following information CAREFULLY and ENSURE the contents of 
this script remain completely anonymous to all members of the research team.   
You have now successfully completed FOUR out of FOUR experimental trials. In 
today’s trial you have ingested (PLACEBO/ACTIVE CAFFEINE) and to remind you, 
during trials 1, 2 and 3 you specifically ingested (ACTIVE 
CAFFEINE/PLACEBO/ACTIVE CAFFEINE). Using the Dictaphone provided, please 
record a verbal description (lasting up to 5 minutes) of your experiences during ALL 
trials. You should aim to COMPARE your experiences between ALL trials with specific 
focus on the BATAK reaction time test, THE LOUGHBOROUGH SOCCER 
PASSING TEST and THE EXERCISE CAPACITY TEST. Please ensure your 
answers are as honest as possible and reflect your own personal perception. There 










Appendix 9.9. An example of the qualitative explorative process 
Participant: Aobi 
Order of trials: T1 = Psychology; T2 = Placebo; T3 = Pharmacology; T4 = Synergism.  
Trial 2 (related to T1 and T2) 
 “So, trial 1 was, the active caffeine. So, on this day, erm, I felt tired during the morning, 
erm, and I felt like the caffeine gave me the lift that I needed erm. 1 During the first two 
sort of LIST tests, I was struggling, erm and then, I did the third one and then I felt like 
I got energy, it lifted me from there. Erm, even during the waiting period, after I had it, 
after the hour waiting period, er, I felt like it lifted me up then as well to actually, 
because I wasn’t looking forward to, during the morning I wasn’t looking forwards to 
doing the run. 2 In terms of the BATAK reaction test on the first trial, erm gradually I 
was getting better the first one, I scored around 60 and then gradually I was getting 
better so, that could have been due to the caffeine kicking in. 3 Erm, during the course 
of the day and yeah that, I felt like the caffeine made a difference on a day when I 
actually needed the lift, erm, so I actually felt the difference during that. 4 In terms of 
the soccer passing test, erm, the football passing test, so, I felt like I was getting more 
familiar with it the more I was doing it and the first couple of ones weren’t the best 
scores, er, in my mind, like they weren’t the best, I felt like I missed the target quite a 
bit and then later on during the day I’m not sure if it’s the caffeine kicking in later on, 
but then I started to hit more of the targets so I felt like it made a difference.5 So during 
the second er trial which was the placebo, erm, I felt a lot better on the day, er generally 
because I knew what was happening and also just how I felt in general in terms of 
liveliness erm but the same 6 I still struggled with the first two runs, struggled less in 
the first trial 7 but then I felt like, I felt like it was getting easier and easier and I just felt 
243 
 
like my fitness was getting better. It wasn’t a case of alertness, I wasn’t, I felt like I 
wasn’t actively aware that I was more alert but I felt like, I just had more energy, I had 
more, erm, concentration and that resulted in getting better times, reaction times in the 
BATAK. Every time I did it I was getting better erm apart from, yeah, I mean I was 
getting about 15 points more than I did the first time round with the caffeine, erm, but 
that I felt like it was just because on the day I was more, I was more up for it, it’s my 
pre, pre-condition. 8 Erm, in terms of the football test, erm, it was very similar to the 
first one, erm, I was getting better towards the end I was hitting a lot more targets, but 
I felt like it was a slightly better on the second trial. 9 So overall, I feel like although I 
performed better having the placebo it was because naturally I just felt better on the 
day, 10 er, and I also on the first erm trial, I, I actually felt like the caffeine was making 
a difference, erm that day I started off really tired, lethargic and it actually made a 
difference. Erm, so based on these two trials I feel like, the caffeine gave me the lift 
that I needed, and the placebo didn’t really do much in terms of effecting performance”. 
11   
Trial 4 (related to all trials) 
“Ok so the order erm of what I had, so for trial 1 I had caffeine, followed by two 
placebos for trial 2 and 3 and caffeine er for, trial 4. So, trial 1, er the caffeine 
supplement, erm, I felt like I needed the lift that day and you could definitely feel like 
the caffeine had an impact on me. 12 Erm, during the BATAK obviously it was the first 
time I did it, I was improving er quite a bit, erm, and I felt that it definitely effected the 
reaction times because I wasn’t really, erm, alert that day, I wasn’t really feeling up to 
it that day. 13 In terms of the passing test, erm, I mean I started off quiet slow but 
gradually, I feel like the caffeine did help with that concentration as I improved, as I did 
more passing tests and similarly with the exercise capacity tests, erm I really struggle 
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with that it could have just been the intensity of it that my body wasn’t used to it but on 
the day I really felt that it made a difference erm from my own physical point of view.  
14 For the two placebos, erm, it’s quite difficult to say if they had like a psychological 
effect, I don’t think they did  15, I think gradually my fitness was getting better anyway 
so erm. So, the BATAK stayed pretty constant, pretty consistent but it was higher than 
erm what I did the previous week. So that could have been just from familiarisation, I 
was getting more familiar with it getting more used to it, and I got a higher score. 
Similar with the passing test 16, although, although there were parts of it where I did 
some bad shots, erm some inaccurate shots, but the exercise capacity test, 
particularly on the third trial was a big improvement from the second. Now again, I feel 
like it was from, it was just from er, my own physical state that I’m getting fitter, I don’t 
believe that erm, the placebo helped at all 17, erm. For the final one, the caffeine 
supplement, so todays trial, felt like it made a big difference, I was able to push myself 
for longer on the exercise capacity test erm even though I was tired at the half time, I 
feel like it gave me the drive to continue 18 and I feel like it effected erm my cognitive 
function more, so I was really, I was really fatigued er already so the BATAK helped 
with that, I was feeling slightly tired the BATAK helped with that and the passing test I 
feel like it was probably the best one, so, possibly a combination of erm, getting familiar 








Quote number Quotation Code 
1 So, trial 1 was, the active 
caffeine. So, on this day, 
erm, I felt tired during the 
morning, erm, and I felt 
like the caffeine gave me 
the lift that I needed erm 
Psychology reduced 
perception of fatigue 
2 During the first two sort of 
LIST tests, I was 
struggling, erm and then, I 
did the third one and then I 
felt like I got energy, it 
lifted me from there. Erm, 
even during the waiting 
period, after I had it, after 
the hour waiting period, er, 
I felt like it lifted me up 
then as well to actually, 
because I wasn’t looking 
forward to, during the 
morning I wasn’t looking 
forwards to doing the run 
Psychology enhanced 
perception of readiness to 
exercise at post-ingestion, 
and following third LIST 
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3 In terms of the BATAK 
reaction test on the first 
trial, erm gradually I was 
getting better the first one, 
I scored around 60 and 
then gradually I was 
getting better so, that 
could have been due to 
the caffeine kicking in 
Performance perception on 
BATAK was gradually 
enhanced which could have 
been due to psychology 
4 Erm, during the course of 
the day and yeah that, I 
felt like the caffeine made 
a difference on a day 
when I actually needed the 
lift, erm, so I actually felt 
the difference during that. 
Psychology enhanced 
perception of wellbeing on a 
day when individual needed 
a lift  
5 In terms of the soccer 
passing test, erm, the 
football passing test, so, I 
felt like I was getting more 
familiar with it the more I 
was doing it and the first 
couple of ones weren’t the 
Performance perception on 
LSPT was gradually 
enhanced, which was 




best scores, er, in my 
mind, like they weren’t the 
best, I felt like I missed the 
target quite a bit and then 
later on during the day I’m 
not sure if it’s the caffeine 
kicking in later on, but then 
I started to hit more of the 
targets so I felt like it made 
a difference. 
6 So during the second er 
trial which was the 
placebo, erm, I felt a lot 
better on the day, er 
generally because I knew 
what was happening and 
also just how I felt in 
general in terms of 
liveliness erm but the 
same I still struggled with 
the first two runs, 
struggled less in the first 
trial 
General perception of 
wellbeing and liveliness (pre-
ingestion) was better for 
placebo versus psychology 




7 I still struggled with the 
first two runs, struggled 
less in the first trial  
Performance perception 
during first two LISTS was a 
lesser struggle for 
psychology versus placebo  
8 It wasn’t a case of 
alertness, I wasn’t, I felt 
like I wasn’t actively aware 
that I was more alert but I 
felt like, I just had more 
energy, I had more, erm, 
concentration and that 
resulted in getting better 
times, reaction times in the 
BATAK. Every time I did it 
I was getting better erm 
apart from, yeah, I mean I 
was getting about 15 
points more than I did the 
first time round with the 
caffeine, erm, but that I felt 
like it was just because on 
the day I was more, I was 
Performance perception on 
BATAK was enhanced 
during placebo due to 
greater feelings of alertness, 
energy and concentration 
which was linked to a better 
pre-condition (and not the 
treatment).   
249 
 
more up for it, it’s my pre, 
pre-condition 
9 Erm, in terms of the 
football test, erm, it was 
very similar to the first one, 
erm, I was getting better 
towards the end I was 
hitting a lot more targets, 
but I felt like it was a 
slightly better on the 
second trial. 
Performance perception on 
LSPT was slightly better for 
placebo versus psychology 
10 So overall, I feel like 
although I performed 
better having the placebo 
it was because naturally, I 
just felt better  
General performance 
perception was enhanced for 
placebo versus psychology 
due to a better pre-condition 
(unrelated to treatment). 
11 er, and I also on the first 
erm trial, I, I actually felt 
like the caffeine was 
making a difference, erm 
that day I started off really 
tired, lethargic and it 
actually made a difference. 
Psychology reduced 
perceptions of fatigue, 
lethargy and enhanced 
general wellbeing/readiness 
on a day when it was 
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Erm, so based on these 
two trials I feel like, the 
caffeine gave me the lift 
that I needed, and the 
placebo didn’t really do 
much in terms of effecting 
performance 
required. Placebo had no 
perceptual effect.  
12 I felt like I needed the lift 
that day (psychology) and 
you could definitely feel 
like the caffeine had an 




individual needed the lift 
13 Erm, during the BATAK 
obviously it was the first 
time I did it, I was 
improving er quite a bit, 
erm, and I felt that it 
definitely effected the 
reaction times because I 
wasn’t really, erm, alert 
that day, I wasn’t really 
feeling up to it that day 
Psychology enhanced 
performance perception 
(reaction times and 
alertness) on BATAK when 
participant initially wasn’t 
feeling up to it 
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14 In terms of the passing 
test, erm, I mean I started 
off quiet slow but 
gradually, I feel like the 
caffeine did help with that 
concentration as I 
improved, as I did more 
passing tests and similarly 
with the exercise capacity 
tests, erm I really struggle 
with that it could have just 
been the intensity of it that 
my body wasn’t used to it 
but on the day I really felt 
that it made a difference 
erm from my own physical 
point of view 
Psychology enhanced 
performance perception 
during LSPT and TLIM due to 
increased concentration and 
physical readiness, 
respectively 
15 For the two placebos, erm, 
it’s quite difficult to say if 
they had like a 
psychological effect, I 
don’t think they did 





16 the BATAK stayed pretty 
constant, pretty consistent 
but it was higher than erm 
what I did the previous 
week. So that could have 
been just from 
familiarisation, I was 
getting more familiar with it 
getting more used to it, 
and I got a higher score. 
Similar with the passing 
test 
Performance perception on 
BATAK and LSPT was better 
for placebo versus 
psychology due to greater 
familiarisation  
17 the exercise capacity test, 
particularly on the third 
trial was a big 
improvement from the 
second. Now again, I feel 
like it was from, it was just 
from er, my own physical 
state that I’m getting fitter, 
I don’t believe that erm, 
the placebo helped at all 
Performance perception 
during TLIM was enhanced for 
pharmacology versus 
placebo due to getting fitter. 




18 For the final one, the 
caffeine supplement, so 
todays trial, felt like it 
made a big difference, I 
was able to push myself 
for longer on the exercise 
capacity test erm even 
though I was tired at the 
half time, I feel like it gave 
me the drive to continue 
Synergism enhanced 
performance perception 
during TLIM due to increased 
drive 
19 I feel like it effected erm 
my cognitive function 
more, so I was really, I 
was really fatigued er 
already so the BATAK 
helped with that, I was 
feeling slightly tired the 
BATAK helped with that 
and the passing test I feel 
like it was probably the 
best one, so, possibly a 
combination of erm, 
getting familiar with it and 
also the burst from the 
Performance perception on 
BATAK and LSPT  
was enhanced during 
synergism due to a 
combination of familiarity and 
burst from the caffeine 
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Appendix 9.10. The quantity and frequency of caffeine consumption 
questionnaire 
Unique identifying code:  
Please tick the following box if you consent to take part in this study:   
QUANTITY AND FREQUENCY OF CAFFEINE CONSUMPTION 
Age: 
Gender:  
Primary mode of physical activity (e.g. walking, jogging, weightlifting, soccer, rugby 
etc.):  
The following questions ask about how much CAFFEINE you consume.  Caffeinated 
beverages can include: 
• Tea (hot or cold), Coffee, Soft drinks, Energy Drinks 
• Caffeine tablets 
• 12 ounces/340 ml is considered 1 serving size. 
12 oz/~ 340 ml. = starbucks "tall" coffee or can of soft drink (e.g. coke, pepsi, diet coke 
etc.) 
16 oz/~ 455 ml. = starbucks "grande"  
18oz/~500ml. = Can of red bull, monster, relentless 
20 oz/~ 568 ml.  = starbucks "vente" or plastic bottle of soft drink 
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DO NOT INCLUDE CAFFEINATED ALCOHOL 
13.  In the PAST THREE MONTHS, how many caffeinated beverages did you drink 
on a typical day?  Use any applicable number, starting with 0, and please note that 
each space must be filled in. 
Day of the 
Week 














       
 
14. How many days in an AVERAGE WEEK do you consume caffeinated beverages? 0-7 
15.  On average, how often over the last 30 days have you had some kind of 
caffeinated beverage?  DO NOT INCLUDE CAFFEINATED ALCOHOL – N.B please 
tick your response. 
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I didn't drink caffeinated beverages in the past thirty days 
Less than once a month 
About once a month 
2 to 3 times a month 
Once or twice a week 
3 to 4 times a week 
Nearly every day 
Everyday 
 
16. Approximately how many years have you been consuming caffeine at this quantity and 











Appendix 9.11. The caffeine expectancies questionnaire (CEQ) 
Please use the rating scale below to indicate how much you agree with the following statements. 
1 2 3 4 
Strongly  Somewhat Somewhat Strongly 
Disagree Disagree Agree Agree 
 
  1)  Caffeinated beverages help sharpen my memory. _______  
  2)  I have trouble concentrating when I drink caffeinated beverages. _______  
  3)  My thoughts race when I drink caffeinated beverages.  _______  
  4)  Drinking a caffeinated beverage helps me think more clearly.  _______  
  5)  Caffeinated beverages help me pay attention more efficiently.  _______  
  6)  I am more alert when I drink caffeinated beverages.    _______  
  7)  I get more talkative or chatty when I consume caffeinated beverages.  _______  
  8)  I enjoy drinking caffeinated beverages in social settings.  _______  
  9)  Drinking caffeinated beverages makes me more outgoing. _______  
10)  I drink caffeinated beverages to help me relax. _______  
11)  Caffeinated beverages make me tense.  _______  
12)  When I’m upset, drinking a caffeinated beverage will help calm me down. _______  
13)  Caffeinated beverages make me feel restless. _______  
14)  Drinking caffeinated beverages helps improve my mood. _______  
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15)  Drinking caffeinated beverages make me anxious.  _______  
16)  I feel more carefree when I drink caffeinated beverages.  _______  
17)  I get irritable if I don’t drink caffeinated beverages regularly. _______  
18)  I feel more energized when I drink caffeinated beverages. _______  
19)  Drinking caffeinated beverages causes me to tremble and/or gives me the jitters.  _______  
20)  Caffeinated beverages make my heart race.  _______  
21)  I feel flushed when I drink caffeinated beverages.  _______  
22)  Caffeinated beverages make me feel hyper or jacked.  _______  
23)  I am less sleepy when I drink caffeinated beverages.   _______  
24)  The more caffeine I drink, the more addicted I get.  ______  
25)  I get headaches if I don’t drink caffeinated beverages regularly.  _______  
26)  The longer I drink caffeinated beverages, the harder it will be to cut down or quit.   _______  
27)  I feel nauseous if I don’t drink caffeinated beverages regularly.  _______  
28)  I get drowsy if I don’t drink caffeinated beverages regularly.  _______  
29)  If feel fatigued if I don’t drink caffeinated beverages regularly.   _______  
30)  Drinking caffeinated beverages is good for dealing with boredom.  _______  
31)  Caffeinated beverages help to centre me. _______  
32)  I feel more excited when I drink caffeinated beverages.  _______  
33)  I have trouble focusing if I don’t drink caffeine regularly. _______  
34)  I have less motivation to get work done if I don’t drink caffeine regularly. _______  
260 
 
35)  I get muscle pain or stiffness when I don’t drink caffeine regularly. _______  
36)  I feel more content when I drink caffeinated beverages. _______  


















Appendix 9.12. Readiness to invest physical (RTIPE) and mental effort (RTIME) 
scales 
 
Indicate by crossing the line below how PHYSICALLY ready you are right now to 
engage in strenuous exercise: 
 
Not Ready       Totally 




Indicate by crossing the line below how MENTALLY ready you are right now to engage 
in strenuous exercise: 
 
Not Ready       Totally 
At all        Ready 
 
 
 
 
